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for Representative Tailings
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Cyanamid Report
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) CYANANID

Cyanamid Canada Inc.

2255 Shappard Avenue East
Willawdals, Omtario  M2J 4Y5
Telephone: (416) 498-8405
Talex: 08-066502

March 3, 1986

Caliahan Mining Corporation
Ropes Unit

Rte. #1, Box 300

Champion, Michigan

U.5.4. 49814

Attention: Mr. Nelson King, Mill Supt.

Dear Nelson: . -

Enclosed is our report on the microscopical work done on your flotation
concentrates.

Examinakion of the transparent gangue minerals on both concentrates recsived,
jdentified tale and dolomite as the major gangue minerals present. Both were
present in each concentrate sample. The amount of dilufion caused by the
different proportions of the transparent gangte in the two concentraies, is
shown £o be greater for the November 17th concentrate vs. the December 8th
concentrate. Otherwise, no difference in mineralogy could be seen between the
two concenirates.

Metallic gold and metallic silver was found "free”, locked with pyrite, and
present as a gold/silver alloy. Also identified were two nickel minerals
bravoite and millerite. - Copper and lead values were present as chalcopyrite
and galena respectively with trace amounts of metallic copper also identified.

The report is fairly salf-explanatory but I will be in touch with you next
week to discuss if.

Yours very truly,

CYANAMID CANADA INC..

M@ - (Goss

J. 0. Burton
National Accounts Managar
Mining Products

Enc.

CHe/2019¢
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TECRNICAL SERVICE REPOERT

Microscopical Examination of
Concentrate Samples from
Callahan Mining Corporation

PROJECT NO. 2551

FEBRUARY 1986

F CYARARTIE

American Cyanamid Company
Cyanamid International Divisions
Mining Chemicals

Wayne, NJ 07470
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Amarican Cysmamid Company

TECHNICAL SERVICE REPORT
Microscopical Examination of
Concentrate Samples from
Callahan Mining Corporation
PROJECT NG. 2551
INTRODUCTION-

In a letter dated December 17, 1985, Mr. Nelson D.
King, Callahan Mining Corporation, réquested a microscopical
examination be condﬁ%:ted on two concentrate samples labeled
Novembar 17 and Decembgr B.. Callahan Mining experienced poor
Tecovery due to what they believed to be excessive amounts of
tale present in the ore being .prccessed'during the period

from which the November 17 composite sample was taken. A

.
et

"":-mi"croscopical examination was conducted 1in Cyanamid’'s
Stamford Research Laboratory to identify what minerals are

bresent and determine *he difference in mineral content of

- a" "‘.‘-.:"'-.' RS .
the two composite samples submitted.
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ﬁ - IMPORTANT NOTICE: The information and statements herein are helieved to be reliable but are not to be

Ca . Ganstrued s a warranty or representation for which we assume legal responsibility. Users should undertake
;l*fﬁcmm_ verification and testing to determine the suitability for their own particular purpose of any
PUQ&;E?S?’;A%EMGIS referred to herein. NO WARRANTY OF FITNESS FOR A PARTICULAR
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: h L n as permistion, inducement or recommendation to practice any patented
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SUMMARY AND CONCLUSIONS

Microscopical examination of the November 17 Con-
centrate and December 8 Concentrate Samples identified talc
and dolomite as the principal transparent gangus minerals in
both samplés. Traces of quartz, chlorite, and pyrite (mostly
locked with talc) were also identified in the November 17
Concentrate. In the December 8 Concentrate, trace amounts of
phlegopite, gquartz and pyrite (mostly locked with talec) were
also identified. With talc and dolomite the abundané-trans~
bParent gangue minerals in both samples, the only difference
evident is the proportion of these gangue minerals in each
sample shown by the specific gravity test results.

Microscopical examination identified +he heavy
epaque minerals in each sample to be pyrite, chalcopyrite,
galena; millerite, bravoite, metallic gold, metallic silver,
and trace amounts of meéallic copper. Both metallic gold and

metallic silver were Ffound as "free" particles, and locked

~. With pyrite. Electron microprobe work showed the metallic

silver to be gold bearing and the metallic gold to be silver

bearing. Gold ang silver occurring as an alloy was also

) T identified. The only major difference seen in the November
24017 . and December 8 samples was the actual proportion of trans-
"Parent gangue. Confirmation of this difference may be seen

. through examination of the feed and tail samples from these

two time periods.



Characterization and Description of Pyrite and Iron Concentrates from
the Ropes Mill Site

The Ropes Mill was operated by Callahan Mining Corp, between 1985 and 1990 to
process gold ore from the Ropes Mine. Prior to Caliahan's occupation of the site, the
Humbolt Mining Company processed iron ore in the mill facility.

Description of Pyrite Flotation Concentrates

Gold ore processing by Callahan involved on site crushing and grinding of crude ore to -
80 mesh, and the subsequent flotation and selective removal of pyrite, other sulfides, and
gold and silver in a flotation concentrate. The crude ore consisted of 5 to 10% sulfides
and associated precious metals in a gangue of quartz, chlorite and sericite, with varying
amounts of carbonate (calcite and ferroan dolomite), talc, and other silicates. This
gangue material was separated from the sulfide fraction during flotation, and the non
sulfide fraction (tailings) were pumped into the Humbolt Pit for disposal.

The flotation concentrate was then re-ground to 80% -325 mesh and leached of its _
precious metals in a dilute cyanide solution. Petrographic examination of the flotation
concenirate shows it to be composed of approximately 50% sutfides and 50% of the
above gangue impurities. The sulfide fraction is composed of approximately 90% pyrite
with the other 10% composed of chalcopyrite, pyrthotite, galena, millerite, bravoite,
metallic silver, metallic gold, metallic copper, and rare sphalerite, tetrahedrite, and the
oxides hematite and magnetite. A Tist of these minerals and their composition as well as
the petrographic reports characterizing them are presented in Appendix 1.

Cyanide leaching of this flotation concentrate selectively removed the gold and silver
from the concentrate, leaving the remainder as a leach residue-essentially the same
material with 80 to 90% of the gold and silver removed. This leach residue was washed,
filtered and stockpiled on the stockpile area south of the mill buildings. According to
Callahan records, approximately 75,000 tons of this material was stockpiled on the site
between October 1985 and March 1990 (Callahan Draft Report 1995). The attached
photographs iflustrate the piles of leach residue, or flotation concentrate in this area.

Trace element analyses and iron and sulfur analyses of this concentrate or residue are
presented in Appendix 1 (samples 3098A and 3098B), Tron and sulfur values represent
the pyrite content of the material, which amounts to 47% and 41% pyrite for the two
samples, Trace element analyses reflect the presence of the above suifide suite.

Large volumes of the leach residue material were eventually refloated to upgrade the
pyrite content to levels which enabled it to be sold to the White Pine smelter as an
additive for their smelting process. This upgraded material was also stockpiled on the
stockpile area prior to shipment to White Pine. According to Callahan, some 30,000 tons
of this material were stockpiled on the site before shipment to White Pine. Appendix 1
shows the composition of this pyrite product (Sample 3098C). Five to ten tons of this




refloated material remain on the site as a tarped pile on the west landing area, and as
spillage in the loadout tower area.

A substantial tonnage of the leach residue was not refloated and sold to White Pine. This
material was eventually buried along side of the access road on the west landing area ina
trench excavated to provide fill to cover the residual pyrite concentrates on the stockpile
area. The extent of this buried pyrite was defined by auger drilling as a part of this BEA.
The results of this drilling program and the extent of buried pyrite are shown in Appendix
2. Calculations based upon these data provide an estimate of 12,000 to 14,000 tons of
leach residue pyrite buried here. This estimate is consistent with the size of trench
excavation, and verbal recollection of Callahan employees engaged in the burial
operation. The bulk density used to compute the buried tonnage (3.6 g/cm.3) was
obtained from Callahan mill records.

Additional tonnage's of both leach residue concentrate and refloated pyrite concentrate
remain on the original stockpile area where these materials were originally stored, and
 subsequently covered with fill from the previously mentioned trench area. To quantify
this material, 35 pits were excavated in the stockpile area, and the thickness of the pyrite
tayer measured. Calculations made from these measurements suggest approximately
28,200 3 » or 3200 tons of pyrite concentrates remain in this area. This tonnage is
covered with approximately t1o 2 fi. of fill in the western portion of the stockpile area,
but is exposed on the surface in the eastern part of the area.

Effects of Pyrite Concentrates on Ground and Surface Waters

Studies of surface water in contact with, or derived from these pyrite concenirates (this
report), suggest that these materials are capable of producing low pH waters with
elevated concentrations of iron, manganese, chrome, nickel, cadmium, copper and zingc.
Although present exposure of surface waters t6 these concentrates is limited mainly to
the eastern portion of the stockpile area, elevated metal concentrations due to this
exposure have been documented (this report). It is likely that past exposure to much
larger volumes of concentrates stored on the stockpile area between 1985 and 1990, may
have produced substantially larger impact to surface and ground water.

While elevated metal levels in surface water are related to proximity to the stockpile
area, elevated metal concentrations in ground water at the site are limited to a few
shallow wells north of the stockpile area (this report). The ground water in these wells
appears to be a perched condition with fittle or no communication with deeper aquifers.
Monitor well MW-105 located down gradient of the buried pyrite also shows no
significant metal concentrations, indicating little or no metal dispersion from this source.



Deseription of the Iron Ore Concentrate

Humboit Mining Company's processing involved flotation of finely ground iron ore, and
the production of an iron rich concentrate, which was pelletized in the adjacent pellet
plant,

Tron ore flotation concentrate produced by Humbolt Mining consisted of mainly hematite
and lessor magnetite, and gangue silicates. Similar to the pyrite concentrates produced
by Callahan, substantial quantities of this material were also stored on the stockpile area
later used by Caliahan. Pellets of iron ore concentrate with lime and a clay binder were
also stockpiled on the east end of the stockpile area prior to shipment off the site.
Remnants of both the concentrate and the pellets are evident on the stockpile area and
were exposed in pits excavated to characterize the stockpile area. A review of the pit logs
shows substantial amounts of concentrate remaining in the western portion of the
stockpile area.

Additionally, large piles of concentrate and iron rich slag from the pelletizing operations
are present to the west and south of the stockpile area, on adjacent CCl property.
Appendix 3 shows a chemical analyses of iron are concentrate (Sample # 3120) from a
pit in the stackpile area, and the chemical composition of the main constituents of this
material. In addition to iron, manganese, sulfur, copper, chromium, and zinc are present
n amounts > .002%.

Effects of Iron Ore Concentrates on Surface and Ground Water

Tron and manganese concentrations are high in ground and surface water on and around
the mill site (this report). These high background concentrations are likely due to large
volumes of iron rich bedrock associated with the iron ore deposits in the area, as well as
to the large scale processing of iron ore, and the creation of the products mentioned
above, as well as large piles of iron rich waste rock, and large areas of iron rich tailings
impoundment.

The highest concentrations of iron and manganese in surface and ground water appear to
be related to other high metal values derived from pyrite concentrates in the stockpile
area. However, the source of the iron and manganese is probably iton ore concentrates
and other iron rich surface materials which have come in contact with acidic water
generated from the pyrite, and not the pyrite itself. Similar to the other metals mentioned
above, the highest iron and manganese values in surface water appear to be related to
proximity to the stockpile area, and in ground water appear to be confined mainly to the
shallow aquifer mentioned ahove.
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A list of minerals and compositions from gangue and flotation concentrates.

jor Gan stituents
Quartz SiOz
Muscovite (sericite) KAly{AlSiz0g)(OH)
Carbonates :
Calcite CaCOq
Dolomite CaMg{CO3),
Talc Mgg5i401(0H)y

jor Flotation Concentrate Constituents
Pyrite FCSZ
Chalcopyrite CuFeS,
Pyrrhotite FeS
Galena PbS
Millerite NiS
Bravoite (Ni,Fe)Sy
Sphalerite ZnS
Metailic Silver Ag
Metallic Gold Au
MetallicCopper  Cu
Tetrahedrite Cﬂ} 281348 13
Hematite FeyOn
Magnetite FeqOy
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DATE: '11-30-95
SAMPLE NO. 340415

BY*PRBDUCTQ IMDUSTRIEB; INC.
612 SOUTH TRENTON AVENUE
PITTSBUREH, PA 15221 SAMPLE ID: 3098~A PYRITE

PERATING CO.:
AMPLED BY: CUSTOMER PROVIDED

.éQETIBN'
ATEHSQHFLED
ROSE8 UWEIGHT:
'THER 1ID:

DATE RECEIVED: 11/8/9%

CERTIFICATE OF ANALYSIS

ABTH METHOD AS RECEIVED DRY BAGSIS
20%

MOISTURE D2941 D3B02 D3173 . XXX .
SULFUR D3177 METHOD A 26. 1% 26. 86% -

JRMS OF SULFUR n2492 ,
PYRITIC SULFUR 23, 29% 28. 30%
TE SULFUR . 6274 . 62%

. 89% . FO%L

A
#NIC SULFUR

PARTIAL
ASH MINERAL COMPOSITION
D795 D368B2
FERRIC OXIDE 45. 39 *

APPROVED BY (?—/QQCJQ.

APPROVED BY /knm A. W:Zé-

BLACK SEAL ANALYSIS

PAGE 1 OF 1}
20

FOR YOUR PROTECTION THIS DOCUMENT HAS
BEEN PRINTED ON CONTROLLED PAPER STOCK.
NOT VALID R ALTERED.




;-’:‘:" C, C ,,.;W:_,_ 5
.,Pagﬁgaﬁugﬁv DIVISTON &
CRESSON, PA 16630

&= STANDARD LABORATORIES,INC.

DATE: 11-21-95
SAMPLE NO. 3404616

BY-PRODUCTS INDUSTRIES, INC,
612 SOUTH TRENTON AVENUE

FITTSBURGH, PA 15221 SAMPLE ID: 30968-B PYRITE
FERATING C€O. :
?MPLED BY: CUSTOMER PROVIDED
JCATION:
’AEEHESNPLED' DATE RECEIVED: 11/8/995
WSS WEIGHT:
syTHER ID:
CERTIFICATE OF ANALYSIS
ASTM METHOD AS RECEIVED DRY BASIS
MOISTURE D29s61 D3I302 D3173 . 42% XXX
SULFUR D3177 METHOD A 22. &1 % 22, 704
JRME OF SULFUR D492
PYRITIC SULFUR 21. 4274 21. ?IK
SULFATE SULFUR . Q5%
"TRANIL SULFUR . 04% D4A

FAGE 1 OF 1
42

APPROVED Bvrﬂm;;k25;1¢'£%.

APFROVED BY c:féégéi%%>

BLACK SEAL -ANALYSIS

FOR YOUR PROTEGTION THIS DOCUMENT HAS
BEEN PRINTED ON CONTROLLED PAPER STQCK.
NOT VALID IE ALTERED.




ULD ENERQV‘ﬂIVISI
P. 0. BOX 214
CRESEQN; RPA 16630

A& STANDARD LABORATORIES,INC.

DATE: 12-12-9
SAMPLE NO. 340617

BY-PRODUGCTS INDUSTRIES; INC.
512 SOUTH TRENTON AVENUE

PITTSBURGH, PA 15221 SAMPLE ID: 3098~C PYRITE
DPERATING CO. :
“AMPL ED BY: CUSTOMER BEROVIDED
DCATIBN
ﬁETE QQMFLED DATE RECEIVED: 11/8/95
'ROSS WEIGHT: '
OTHER ID:
CERTIFICATE OF ANALYSIS
ASTM METHOD AS RECEIVED DRY BASIS
MOISTURE D2941 DII02 DI1TI .13y XXX
SULFUR D3177 METHOD & a1, 7%% 81, 82%
ORMS OF SULFUR 2492
PYRITIC SULFUR 41. BOY% 41. B5Y
_ULFATE SULFUR | 55% | 55%
SANIC SULFUR -, S84 - 9%

APPROVED BY __ ,cfé€£§i;%g

ARPPROVED BY w_f“;;x:z;xa;L%

PAGE 1 OF 1
i3

BLACK SEAL ANALYSIS

FOR YOUR PROTECTION THIS DOCUMENT HAS
BEEN PRINTED ON CONTROLLED PAPER STOCK.
NOT VALID |F ALTERED.
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UEC

USXW & Comsultants, Jne.
dnelytical eoistry Laboratory
4008 Tech Center Drive

Monroeville, YA 15146
{412) 825.2400

FOR: Ms. Etin Larkin
DIVISION: BP, Inc.
SAMPLE NO: A196.0005
P.0. NO;

DATE: Jamany 10, 1596

[Tf@“;f‘mg

61.64
059
0.011
<.002
0.00¢
0.037
<0.002
<0.002
0.014
0.025

<0.002 §
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T
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Approved By: O ezs Date: .:1? D./ﬂ'
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AUBSELL M. HONEA @ % —
Consulting geafagis.t @ A %W/%étf /ilzé :

ARl OOl «<Asg-a773

Office - + Muiling Address
TIOE BRLLAIRE PO BOX 3285
BROOMFIELD, SOLORADIIG GUIC5 BRUGMFMELLD, SOLORANS S00R0

Mareh 5, 1986 UG"

" Nelson D. King
Callahan Miming Corporation
Route No. 1, Box 300
Champion, Michigan 49814

Re: Mineralogy of 2/5/86
Mill Samples

Dear Nelason:

“an

Enclosed are results of polished section examination and I-ray powder
diffraction analysis of samples forwarded under your cover letter of
February 17, 1986. Photomicrographs are included of polished sections
to illugtrate some of the pertinent mineralogiec and textural character-
igtins. Sorry for the delay in getting the report in the mail ~ had
to make a short ount-of-town trip. '

It appears %o me that liberation of the sulfide minerals is quite

good. Gold is extremely fine grained (average maximom diameter of
particles is 8 microns), is rather well liberated conaidering grain
size, bub wag smeen in a few small grazins locked in the dominant pyrite
or in gangue quartz. HNext to pyrite, chalcopyrite is the gecond most
common sulfide - but still makes up less than one percent of the total
flot concentrate. Chaleopyrite at times contains intergrown tetrahed-
rite (silver-bearing), and is at #imes encélosed by sphalerite. Galena
ig also present in small amocunt - and is silver-bearing. Pyrrhotite
decurs in trace amount as microscopic inclusions in the abundant pyrite.
Other opague minerals included the oxides hematite, magnetite, and rutile.
Rare trash iron particles have been added by the grinding process.

The non-metallie portion of the flot concentrate makes up alightly over
50% of the sample, and consists of tale and minor quartz. Bulk compon-
enta of the host rock include major quartz and chlorite along with lesser
amounts of tale, muscovite (serieite), hornmblende, and dolomite.

Pleasze let me know if there are questions regarding the data. Was a
Pleasure doing the work for you.

Enel.

.......
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X~RAY.POWDER DIFFRACTION ANALYSIS OF

SELECTED ROFES MILL SAMPLES

Sample 2/5/86 Mill Feed ¥

Major - Quariz
Chlorite
Minor - Talc
Muscovite (Serieite)
Hornblerde
Dolomite

T Pyrite
Sample 2/5/86 Flot Con
Major -~ Talc

Pyrite
Minor - Quartz

*Note: Inecludes only those mineral phases present in the content level

range of above three percent by volume.
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A list of minerals and compositions from gangue and flotation concentrates,

Major Gan stituents

Quartz 3502

Muscovite (sericite)  KAIH{AlSi30g)(OH)g
Carbonates

Calcite CaCOy

Dolomite CaMg(CO3),
Talc MgySi401o(0OH)y
Major Flotation Concentrate Constituents
Pyrite FeSy

Chalcopyrite CuFeS,

Pyrrhotite FeS

Galena PbS

Millerite NiS

Bravoite (Ni,Fe)S,
‘Sphalerite ZnS

Metailic Silver Ag

Metatlic Gold Au
MetallicCopper  Cu

Tetrahedrite Cul ) Sb4s 13
Hematite FeyOg

Magnetite Fe30y




Appendix C

Montgomery Watson, Memoranda
(As obtained from MDEQ through FOIA)
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Montgomery Watson, January 20, 1993 Memorandum: Humboldt Mill
Tailing Pond Sediments Characterization and Evaluation of Metal
Leachate Potential
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FMONTGONMERY WATSOM

To: Rick Morh, Callahan Mining Date: Aprl 2, 1993
Ed Cryer, MW-Boise Reference:  1389.0170
From: Gil Crozes
Subjeet:  Addendum to Memorandum
Dated Jan. 20, 1993

Humboldt Mill Tailing Pond Sediments Characterization
and Evaluation of Metal Leachate Potential

INTRODUCTION

This addendum memorandum presents additional data for Humboldt Pit sediments
characterization. As requested by the Michigan Department of Natural Resources, a total assay
of metals was performed on sediment samples collected as described in a previous memorandum
dated January 20, 1993. In comparison to previous experiments, which evaluated metals
leachability from sediments under various pH and dissolved oxygen conditions, the analytical
procedure used in the present tests consisted of a complete digestion of the sediment sampie by
nitric acid, followed by metals concentration analyses. The final results are expressed in
milligrams of a given metal per kilogram of raw sediment.

RESULTS AND DISCUSSION

All metals listed in Table 1 were analyzed using the atomic adsorption technique. However, the
analysis for Cd, Hg, Se, and Ag indicated that the level of these metals was very low in the
tailings sediments, Data for low level metals are reported in Table 3.

P |




TABLE 3

LOW LEVEL METALS TOTAL ASSAY
IN HUMBOLDT PIT SEDIMENTS

Minimum Average Maximum
Metal (mg/kg) (mg/kg) (mg/kg)
Cd 0.94 2.29 6.75
Hg 0.22 0.35 0.47
Se NA NA <1.00
Ag 1.47 3.32 6.60

The results for metals exhibiting an average level in sediments exceeding 5 mg/kg are presented
in Figure 8. All results are expressed in milligrams of metal per kilogram of wet sediment. To
complete the data interpretation, total solids in sediments were evaluated. The average total solid
level was found to average 70.2 percent in the 8 Humboldt Pit sediment samples. Figure 8 shows
that the distribution of metals in the sediments is not homogenous. Metals levels as well as their
relative composition greatly varied with the sampling location throughout the Humboldt Pit.
Figure 9 presents a summary of metals levels in the sediments and provides an average, a
minimum and a maximum value for each metal contents. The standard deviation is as high as
365 mg/kg for nickel and 831 mg/kg for copper. Since metal composition in the sediments is far
from being homogenous, rigorous quantitative data analysis is difficult. However, average
values of the sediment concentrations in metals of concern (copper and nickel) were used to
establish a mass balance of these metals in the Humboldt Pit,

Between the year 1984, when Callahan Mining Corporation acquired the Ropes Mine, and
December 31, 1988, date at which production was stopped, a total of 1.92 million tons of ore was
processed, Milling tailings which represent 95 percent of the ore, were discharged in the
Humboldt Pit. Thus, 1.82 million tons is the estimated amount of tailings present in the pit,
However, it was found during sediment sampling that only the top 6 inches of the tailings were
not yet cemented or conglomerated. This observation, coupled with conservative assumptions,
led to the conclusion that only 21,728 tons of tailings remain in contact with the pit water, The
confidence level on this-number does not exceed 50 percent and it is prudent to consider that the
estimated amount of nonconglomerated tailings is within the range of 10,000 to 30,000 tons.
Table 4 describes the Humboldt Pit metals input through the disposal of the Humboldt mill
tailings during the Ropes Mine operation by Callahan Mining Corporation.

SV |
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TABLE 4

METAL INPUT IN THE HUMBOLDT PIT

— e T ma—————
Average
Average Average Metal Level Metal Amount
Metal Level Percentage of in Dry Total Metal in Noncemented
in Sediments Solids in Sediment Amount? Tailings
Metal (mg/kg) Sediments (mg/kg - dry) (ton) (ton)
Nickel 467.6 70.2 666.0 1,215 6.6 -~ 20.0
Copper 267.0 70.2 380.0 694 3.8-11.4

& 1.824 million tons of tailings were discharged in the Humboldt Pit.

Table 5 presents an estimate of metals output from the Humboldt Pit by water seepage through
the north embankment into the marsh and water seepage into the shallow groundwater system,
Based upon data reported in Tables 4 and 5, the amount of nickel and copper residual in the
sediment were evaluated. Estimated metals residuals in the entire volume of tailings and in the
fraction of tailings not yet cemented are reported in Table 6,

TABLE 5

METAL OUTPUT FROM THE HUMBOLDT PIT SEDIMENTS

— == e
___Pit Water Outflow Current Pit Water
Estimated Total
Average Metal  Total Metal | Average Metal Total Metal Leached
Concentration Amount® Concentration Amountb Metal
Metal (mg/l) (ton) (mg/10 (ton) Amount
Nickel 0.80 2.50 0.665 6.78 9.28
Copper 0.10 0.31 0.042 0.43 0.74

2 315 gpm of water leaving the pit through seepage over 5 years (1987 to 1992),
b Pit water volume estimated at 10.2 x 106 m3,



TABLE 6

METAL RESIDUAL IN HUMBOLDT PIT SEDIMENTS

%‘ —— —%
Residual in Estimated Noncemented
Residual in Total Sediments Tailinpsa
Percentage from Percentage from
Metal Amount Initial Metal Metal Amount Initial Metal
Metal (ton) Amount (ton) Amount
Nickel 1,205.7 99.2% 10.72 53%
Copper 693.2 99.8% 10.66 93%

& The higher range of 30,000 tons was used for calculation,

Copper and nickel mass balance data show that only a very small fraction (<1%) of the metals
contained in the tailings disposed in the pit have leached. Such a low percentage is essentially
explained by the cementation and conglomeration of the majority of the tailings which are no
longer in contact with the pit water. The same mass balance was conducted for the estimated
fraction of tailings not yet cemented, and still potentially releasing metals through leaching and
diffusion phenomena. Table 6 shows that about 30 percent of nickel has already been leached
from the noncemented tailings. On the other hand, only 7 percent of copper has been leached
under similar conditions. It should be noted that these estimations are not precise. Only a
thorough evaluation of the amount of noncemented tailings, as well as a comparison of metal
composition of both cemented and noncemented tailings will provide a more precise metal mass
balance. Moreover, it should be noted that total metal assay using tailings and digestion do not
represent the availability of metal for leaching in the pit water.

CONCLUSION

Total metal assays showed that although 1,215 tons of nickel and 694 of copper are estimated to
be present in the Humboldt Pit sediments, only an insignificant amount of metals have leached in
the pit water. Metals were prevented from leaching by the compaction, conglomeration and
cementation of the majority of the tailings, Moreover, it is very unlikely that the total amount of
metals present in the noncemented tailings will leach, due to mild leaching conditions,
continuous tailings cementation process and poor metal accessibility in relatively coarse tailings
granules. Previous leachability tests showed that only 101 milligramos of the 380 milligrams of
copper remaining per kilograms of noncemented tailings were leachable, Similarly, 23.5 mg of
the 666 milligrams of nickel remaining in average per kilograms of tailings could potentially be
further leached.
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Montgomery Watson, August 25, 1995 Comparison of Total Phosphorus
and Algal Enumeration after Phosphorus Application to Humboldt Pit
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VIONTGOMERY WATSON

Aupust 25, 1995

Mr. Bill Scarffe

Callahan Mining Corporation
PO Box 508

Negaunee, MI 49866

SUBJECT:  Comparison of Total Phosphorous and Algal Enumeration after
phosphorous application to Humbolt Pit.

Dear Mr., Scarffe:

In July and September of 1993, and again in April of 1994, phosphorous was applied to the
Humbolt Pit in an effort to see if increased phosphorus concentrations in the photic zone
could increase algae growth, and thereby reduce the nicke! and copper concentrations of
the pit water by metal-algae sorption.

Pit water quality samples that were collected on October 19, 1993 (see attached Teport),
approximately one month after the second phosphorous application, show an average total
phospherous concentration of 0.04 mg/l. The algal enumeration average was 1,650,000
cells/ml,

Pit water quality samples were also collected on May 4, 1994 (see attached Teport), one
week after ice out, phosphorous had previously been applied on top of ice. Results show
an average of 0.06 mg/I for total phosphorous and an average algal enumeration
concentration of 11,390 cell/ml. -

Pit water quality samples were also collected on June 9, 1995 (see attached report). More
than one year after any phosphorous application. The total phosphorous concentrations
average was 0.03 mg/l, the algal enumeration concentration was 20,354 cells/ml.

These three water quality sampling events show that the total phosphorous concentrations

- are within 0.03 mg/l of each other. This suggests that the phosphorous application may
increase the total phosphorous concentration of the pit water immediately, but that the
concentration drops down to “normal” levels shortly after application.

545 Indian Mound Tel; 512 £73 4224 Serving the Warld's Envirenments! Nepds
Wayzats, Minnesota Faw: 612 473 2512 ]
H53%




Mr, Bill Scarffe
August 25, 1995
Page 2

The algal enumeration concentrations are similar for the May 4, 1994 and June 9, 1995
samples. An explanation for a slightly higher concentration in the June sample may be due
to warmer water temperatures and one additional month of algae accumulation. The
October 19, 1993 sample had much higher algal enumeration concentrations. This again
may be explained by warmer water temperatures and several months of algae accumulation
.over the summer months. It may have also been collected during an autumn bloom of -
algae. -However, the nickel concentrations of the October 19, 1993 sample had elevated to
near the pretreatment concentration levels of the pit water. '

It should also be pointed out that the data are inconclusive as to whether the algae did or
did not “take up” (sorb) any significant amount of the nickel or copper of the pit water. It
may have been that the temporary reduction of nickel concentrations were a result of
precipitation when the phosphorous was applied (chemical bonding or localized increased
pH levels). '

Please do not hesitate to contact Steve Kloiber or myself should you have any questions
_regarding this report. Montgomery Watson appreciates the opportunity to provide you with
this service.

Sincerely,

Mark Allen
Environmental Scientist

MA:jn

co:  Steve Kloiber
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MONTGONERY WATSON

Mevemesr 2, 1993

M. Edward Cryse
Mortgomery Batsomnm

ol Mallard Drive
Bolpe, ID B3704-2974

Rer Water Bamples Analyzed by our Laboratorye
Ropes Ming Project
Project Number:  1389.Q0170
Sample Dates: Octobesr 19, 1993

“Dear M. Dryver:

The ab@va ra%eraﬁced sanmples have been  analvzed with the
reawits as follows: :

Site HFP-1 Oct. 19
Teotal Fhosphoras, mg/sl Cra 04
Temperatura, °F - Aé
Becuhi Dapth, feast 2.0
MOz + Nw, mg/l &adl
Total Kisldahl M., wg/l 1.5
Total Nitrogen, mg/l 7.9
Total Nickel, ug/l Kt}
Mesolved Nickel , ug/l JI0

Hiite HF-2 Oct. 19
Total Phosphorus, mgdl 0. 04
Temperature, <F dés
Becchi Depth, feet 2.0
MOz + NOwy ag/i f1e 4
Total Kieldahl M.y mg/sl 1.7
Total MNitrogen, mg/l 8.1
Total Nickel, ug/l cfte
Bissolved Nlckel, wg/l JL0O

Site HP-3 Oct. 19

i

Total FPhosphorus, mgsl
Temperature, =F

fiecchi Depth, feel

Milam + Nil=y, mg/l

Total Kisldahl N., myg/l
Total Nitrogen, mg/l
Total Nickel, ug/l e
Dissolved Mickel , ug/sl 34

2
CoORmrMNO
D O

545 indign Mound Tal: 612 473 4224 Serving the Worid's Environmental Neads
Wayzata, Mitnesola Fax: 612 473 2612
55391




Ropes Mine

Site HP-4

Total Phosphorus, mg/l
Temperatuwre, ©F

Serchi Depth, feet

MNO= + NOw, mg/l

Total Kieldahl N., mg/l
Total Mitrogshny mg/l
Total Mickel., wg/l
Dissulved Nickel, ug/l

Rite HP-5

Tetal Phasphorus, &g/l
Tenperature, ©F

Secechi Depth, faet

Nz + N=y mg/l

Total Kjsldahl N., mg/l
Total Mitrogen, mg/sl
Total Nickel, ug/l
Dissolved Nieckel, ug/si

Bite HP-&

Total Phosphorus, myg/sl
Tenparature, =F

Secehi Depth, feet

MOz + Nil=s, mg/l :
Total Kisidabhl N., mg/l
Total Niterogen, mg/i
Total Mickel, uwg/l
Disasolved Nickel, ug/i

Travel Blank

Total Mickel, uy/l
Mesglved Nickel, ug/l

B0
350

Oct. 19

2
€2

Py ik @y

.
il

1993



Ropes Mine Fage 3 Movenber. 2, 199%

Phiytoplankton enumeration for those sites specified in  the
work plan for +these dates accompany this reporit packaos.
Eall count estimates for the sites are as followss :

Bite HE-1l Burfzcess 1730000 ceilas/ml
Bite HP-1 2m Composite 1680000, cal la/ml
Bite HP~3 Burfares 1780000 cells/mi
Bite HP-3 Zm Composite 1680000 cells/ml
fite HF-& Burface 1490000 cells/ml

Gite HP-4 2m Composite 1560000 cellse/ml
Montgomnery Watson Water Guality Laboratory appfaciatea the

oppectunity to provide yvou with this analvitical service., I
you have any questions, please do not hesitate to gontact us,

Bincerely.,

MONTEOMERY WATEON

Frank De Steno, |

Laboratory Mansuer

anclosures
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MONTGCERY WATSON

May 24, 1994

Mr. Edward Cryer
Montgomery Watson
161 Mallard Drive
Boise, ID 83706-3974

Re: Water Samples Analyzed by our Laboratory:

Ropes Mine Project
Metals Profile

Project Number: 1389.0100
Sample Date: May 4, 1994

Dear Mr. Cryer:

The above i‘eferenced samples have been analyzed with the results as follows:

- Site HP-1: Surface
Sample ID; 053-118

Secchi, ft

Temperature, °C

Total Phosphorus, mg/l
NO3 +NO3, mg/l
TKN, mg/l

Total Nitrogen, mg/l
Total Copper, pgfl
Dissolved Copper, jLg/l
Total Nickel, pgfl
Dissolved Nickel, ng/l

Site HP-3: Surface
Sample ID: 053-119

Secchi, ft

Temperature, °C

Total Phosphorus, mg/i
NO3 + NO3, mg/l
TKN, mg/l ,
Total Nitrogen, mg/!
Total Copper, pg/l
Dissolved Copper, g/
Total Nickel, pg/l
Dissolved Nickel, pg/l

- 545 Indian Mound
Wayzata, Minnesota
55391

Tal:612 473 0224
Fax: 812 473 2512

Results

5.0

not1eported

- 0.06
7.0
1.2
8.2
15

10

450

440

Results

W RS B L
—h oo
-

10
460
450

Berving the World’s Environmental Needs



Ropes Mine

Site HP-6: Surface

Sample ID: 053-120

Secchi, ft
Temperature, °C

Total Phosphorus, mg/l

NOp + NO3, mg/l
TKN, mg/l

Total Nitrogen, mg/l
Total Copper, g/l

Dissolved Copper, pg/l

Total Nickel, 1tg/l

Dissolved Nickel, pLg/l

Site HP-3 Metals Profile:

HP-3 10 meters
Sample ID: 053-121

Total Copper, ug/l
Total Nickel, pg/l

HP-3 20 meters
Sample ID: 053-122

. Total Copper, pg/l
Total Nickel, pg/l

HP-3 30 meters
- Sample ID: 053-123

Total Copper, pg/i
Total Nickel, g/l

HP-3 40 meters
Sample ID: 053-124

Total Copper, ug/t
Total Nickel, pLg/t

Page 2

May 25, 1994

Resulis

0 N O oy
[ B \OOO\QU:

12
10

440.

Results
13
520

12
510

32
210

57
990



Ropes Mine Page 3 May 25, 1994

HP-3 50 meters Resulis
Sample ID: 053-125

Total Copper, pg/l 70
Total Nickel, pg/l 1000

In addition to the above analyses, algal identification and enumeration was performed on the
three surface samples. Only one algal taxon was observed in the three samples and could be -
identified only as a small, green coccoid. Cell count estimates for the sites are as follows:

Site HP-1 - 9470 cells/ml
Site HP-3 - 11400 cells/ml
Site HP-6 - 13300 cells/m!

Montgomery Watson Water Quality Laboratory appreciates the opportunity to provide you
with this analytical service. If you have any questions, please do not hesitate to contact us.
Sincerely,

MONTGOMERY WATSON
Water Quality Laboratory

Sal D

Frank De Steno,
Laboratory Manager

Copy:  Bill Scarffe



MONTGOMERY WATSON

July 5, 1995

M. Bill Scarffe

Callahan Mining Corporation
4547 County Road 601
Champion, MI 49814

Re:  Analysis of water samples: Pit Mine
Sample Date: June 9, 1995 _
Sample ID; 092-205; 092-206; 092-207

Dear Mr. Scarffe;

The above referenced samples have been analyzed with the results as follows:

RESULT RESULT RESULT
PARAMETER Pit North Pit Center Pit South

092-205 092-206 - 092-207
Total Phosphorus, mg/L 0.03 0.03 0.03
Sol. Reactive Phosphorus, mg/l.  0.01 0.01 0.01
Ortho Phosphorus, mg/L. 0.01 0.01 0.01
Corrected Chlorophyll-a, pg/l. - 4 N
Corrected Pheophytin-a, Mg/l - 2 e

Algal Enumeration — See Attached Report —

Please do not hesitate 1o contact me should you have any questions regarding this report.
Montgomery Watson appreciates the opportunity to provide you with this service,

Sincerely,

MONTGOMERY WATSON
Laboratory and Field Services

&

Frank De Steno,
Laboratory Manager

Copy: Steve Kloiber, Montgomery Watson

545 tndlan Mound Tel: 612 473 4224 Serving the World's Enviranmental Nepds
Wayzata, Minhesota Fax: 612 473 2512
55391
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Appendix D

Results of Bench Scale Lock Cycle Testing of Mill Tailings
SBS Lakefield Research, February 2007

LJSJ:\scopes\06W003\10000\FVD Reports\MPA Vol 1\Mass Balance\R-HTDF Modeling Rpt.doc



November 22, 2007

Mr. Jon B. Manchesier

Foth Infrastructure & Environment, LLC
1402 Pankratz St. Suite 300

Madison, WI 53704

Dear Mr. Manchester,

Please find attached, files providing the assay results of chemical analyses performed by SGS
L akefield Research of process water from locked cycle testing of ore from the KEMC Eagle
mine. The process water data information can be used in an engineering analysis of a tailings

disposal facility.

The assays provided include:

Effluent 2010 — Batch Test Assays
Effluent 2011 - LCT 6
Effiluent 2012 - LCT 7
Effluent 2013 -LCT 5
Effluent Sample 1 — Same-massive

This information was provided via email from Mr. Oliver Peters on February 24, 2007 to the
attention of Ms. Alicia Duex of KMC.

| am writing this letter on behalf of Mr. Peters and 8GS Lakefield Research.

T e —

Dan Imesaon, MSc¢.
Flotation Group Leader

SGS Lakefield Research Limited P.0. Box 4300, 185 Concession Street, Lakefield, Ontario, Canada K01 2HD
| Tel: (705) 652-2000 Fax: (¥05) 652-6365 www.met 5gs..cOM _wWww.cd.595.00M

Member of the SGS Group (SGS SA)



Online L

SGS Lakefield Research CA10226-FEB0O7 15 February, 2007

Client (2736) B Wakeford Received  15-Feb-07 15:54
Reference Requested 17-Feb-07 15:54
Project CALR-11237-002 Created 15-Feb-07 15:54
Batch Env ICP-MS Metals Finished 21-Feb-07 14:38
Supervisor bgraham Samples  1,0,0-40
Notes:
ckd bg
Tag | Type Sample 1D pH Conductivity Acidity Alkalinity Carbonate
units uS/cm mglL as mglL as mg/L as
CaCOo3 CaCOo3 CaC0o3
1 NOS |~Analysis Start Date 19-Feb-07 19-Feb-07 19-Feb-07 19-Feb-07 19-Feb-07
2 | NOS |~Analysis Start Time 07:39 07:39 07:39 07:39 07:39
3 NOS |~Analysis Approval Date | 20-Feb-07 20-Feb-07 20-Feb-07 20-Feb-07 20-Feb-07
4 NOS |~Analysis Approval Time 11:31 11:31 11:31 11:31 11:31
5 SMP |11237-002 F18 12.1 1870 <2 816 686
Tag HCO3 | TotDissolve F Fe2 Tot S04 cl NO2
my/L as d Solids mg/L mgiL Suspended magl/L malL as N mg/L
CaCO03 mg/ll Solids
1 19-Feb-07 16-Feb-07 19-Feb-07 16-Feb-07 16-Feb-07 19-Feb-07 19-Feb-07 19-Feb-07
2 07:39 09:16 07:35 11:59 11:00 13:43 13:43 13:43
3 20-Feb-07 21-Feb-07 19-Feb-07 19-Feb-07 20-Feb-07 21-Feb-07 21-Feb-07 21-Feb-07
4 11:31 08:20 11:37 11:14 11:00 14:33 14:33 14:33
5 130 563 0.07 <0.5 596 37 44 < 0.06
Tag NO3 NO2+ND3 Si Tot.Reactive Hg Al As Ba
asNmg/L | asNmg/L mg/L P mall mall magl/L maglL
mglL
1 19-Feb-07 19-Feb-07 21-Feb-07 16-Feb-07 20-Feb-07 19-Feb-07 19-Feb-07 19-Feb-07
2 13:43 13:43 07:00 08:50 08:00 11:40 19:00 19:00
3 21-Feb-07 21-Feb-07 21-Feb-07 19-Feb-07 20-Feb-07 19-Feb-07 21-Feb-07 21-Feb-07
4 14:33 14:33 08:23 12:49 15:23 16:37 08:21 08:21
5 0.24 0.24 12.5 <0.03 0.0002 0.43 0.0621 0.0197
Tag Ca Cd Co Cr Cu Fe K Mg
mglL mglL malL mglL mg/l mgiL mglL mg/L
1 19-Feb-07 19-Feb-07 19-Feb-07 19-Feb-07 19-Feb-07 19-Feb-07 19-Feb-07 19-Feb-07
2 11:40 30-Dec-0/ 19:00 19:00 11:40 11:40 11:40 11:40
3 19-Feb-07 21-Feb-07 21-Feb-07 21-Feb-07 19-Feb-07 19-Feb-07 19-Feb-07 19-Feb-07
4 15:37 08:21 08:21 08:21 15:37 15:37 15:37 15:37
5 208 0.00184 0.0304 0.0495 3.43 8.50 6.47 9.36

23 February, 2007 Page 1/2



OnUne L

CA10226-FEB07

23 February, 2007

Tag Mn Mo Na Ni Pb Se Sr Zn
mgl/L maglL mg/L malL mglL mgl/L mglL mglL
1 19-Feb-07 19-Feb-07 19-Feb-07 19-Feb-07 19-Feb-07 19-Feb-07 19-Feb-07 19-Feb-07
2 19:00 19:00 11:40 11:40 19:00 19.00 11:40 19:00
3 21-Feb-07 21-Feb-07 19-Feb-07 19-Feb-07 21-Feb-07 21-Feb-07 19-Feb-07 21-Feb-07
4 08:21 08:21 15:36 15:37 08:21 08:21 15:36 08:21
5 0.0439 0.0121 194 1.24 0.142 0.015 0.115 0.0492
Tag Total Ha
Recov.Metal Prep
s

1 16-Feb-07 19-Feb-07

2 16:17 09:39

3 16-Feb-07 19-Feb-07

4 15:17 09:39

5] 1 1

Page 2/2



OnlLine L

SGS Lakefield Research CA10113-DEC06 07 December, 2006
Client (2736) BJW Received 07-Dec-06 14:11
Reference Requested 09-Dec-06 14:11
Project CALR-11237-002 Created 07-Dec-06 14:11
Bafch Finished 15-Jan-07 15:39
Supervisor bgraham Samples  2,0,0-12
Notes:
limited sample volume in own login cooler shelf must share
portion
ckd ks
Tag | Type Sample ID pH Conductivity | Alkalinity Acidity
units uSicm mg/L as mgl/L as
CaCOo3 CaCo3
1 NOS | ~Analysis Start Date 11-Dec-06 11-Dec-06 11-Dec-06 11-Dec-06
2 NOS | ~Analysis Start Time 15:00 15:00 15:00 15:00
3 NOS |~Analysis Approval Date 12-Dec-06 12-Dec-06 12-Dec-06 12-Dec-06
4 NOS | ~Analysis Approval Time 16:06 16:06 16:06 16:06
5 SMP | Bulk Ro Tail G Effluent Sub Sample 9.70 1393 362 <2
6 SMP | Bulk 1rt Cl Scav Tail Effluent (Water) Sub Sample 9.76 1188 255 <2
Tag HCO3 Carbonate | TotReactive Cl S04 NO2 NO3 NO2+NO3
mglL as mglL as P mgl/L ma/L asNmg/lL | asNmg/lL | asNmglL
CaCo3 Caco3 mg/L
1 11-Dec-06 11-Dec-06 08-Dec-06 08-Dec-06 08-Dec-06 08-Dec-06 08-Dec-06 08-Dec-06
2 15:00 15:00 08:21 09:32 09:32 09:32 09:32 09:32
3 12-Dec-06 12-Dec-06 11-Dec-06 15-Jan-07 15-Jan-07 15-dan-07 15-Jan-07 15-Jan-07
4 16:06 16:06 17:10 14:29 14:29 14:29 14:29 14:29
5 172 190 <0.03 33 180 < 0.06 < 0.05 <0.06
6 114 141 <0.03 29 130 <0.06 <0.05 < 0.06

23 February, 2007
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SGS Lakefield Research CA10409-JANO7 24 January, 2007
Client (2736) Brian Wakeford Received 24-Jan-07 15:14
Reference Requested 26-Jan-07 15:14
Project CALR-11237-002 Created 24-Jan-07 15:14
Batch Env ICP-MS Metals Finished 31-Jan-07 11:39
Supervisor bgraham Samples  1,0,0 - 40
Notes:
ckd ks-please cheke pricing
Tag | Type Sample ID pH Conductivity |  Acidity Alkalinity
units uSfcm mgl/L as mglL as
CaCO03 CaCOo3
1 NOS |~Analysis Start Date 26-Jan-07 26-Jan-07 26-Jan-07 26-Jan-07
2 | NOS |~Analysis Start Time 09:38 09:38 09:38 09:38
3 NOS |~Analysis Approval Date 29-Jan-07 29-Jan-07 29-Jan-07 29-Jan-07
4 | NOS |~Analysis Approval Time 12:29 12:29 12:29 12:29
5 SMP | LCT-6 Flotation Water Process Water 1.4 2080 <2 724
Tag | Carbonate HCO3 | TotDissolve F Fe2 Tot S04 Ci
mglL as mglL as d Solids mgl/L mglL Suspended mgllL malll
CaCo3 CaCo3 mg/L Solids
1 26-Jan-07 26-Jan-07 26-Jan-07 25-Jan-07 25-Jan-07 26-Jan-07 24-Jan-07 24-Jan-07
2 09:38 09:38 07:19 07:35 13:03 07:06 20:17 20:17
3 29-Jan-07 29-Jan-07 30-Jan-07 26-Jan-07 26-Jan-07 29-Jan-07 29-Jan-07 29-Jan-07
4 12:29 12:29 10:25 09:50 09:57 15:27 09:48 09:48
5 713 11 1030 0.12 <05 288 71 55
Tag NO2 NO3 NO2+NO3 Si Tot.Reactive Hg Al As
asNmg/L | asNmg/lL | as Nmg/L mg/L P mg/L mg/L mgl/L
mg/L
1 24-Jan-07 24-Jan-07 24-Jan-07 26-Jan-07 26-Jan-07 26-Jan-07 26-Jan-07 29-Jan-07
2 2017 20:17 20:17 09:45 09:37 14:00 09:45 10:06
3 29-Jan-07 298-Jan-07 29-Jan-07 31-Jan-07 29-Jan-07 30-Jan-07 31-Jan-07 31-Jan-07
4 09:48 12:54 12:54 07:19 07:54 08:32 07:19 07:19
5 0.07 0.24 0.31 22.6 <0.03 0.0003 0.63 0.0074
Tag Ba Ca Cd Co Cr Cu Fe K
mg/L mglL mglL ma/L mall mal/L malL mglL
1 29-Jan-07 26-Jan-07 29-Jan-07 29-Jan-07 29-Jan-07 26-Jan-07 26-Jan-07 26-Jan-07
2 10:06 09:45 10:06 10:06 10:06 09:45 09:45 09:45
3 31-Jan-07 31-dan-07 31-Jan-07 31-Jan-07 31-Jan-07 31-Jan-07 31-Jan-07 31-Jan-07
4 07:19 07:19 07:19 07:19 07:19 07:19 07:19 07:19
5 0.0127 85.0 0.00105 0.0959 0.0165 270 14.7 12.3

23 February, 2007
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Onbne L

CA10409-JANO7

23 February, 2007

Tag Mg Mn Mo Na Ni Pb Se Sr
mo/L mg/L mg/L mglL malL mg/L mg/L mg/L
1 26-Jan-07 29-Jan-07 29-Jan-07 26-Jan-07 26-Jan-07 29-Jan-07 29-Jan-07 26-Jan-07
2 09:45 10:06 10:06 09:45 09:45 10:06 10:06 09:45
3 31-Jan-07 31-Jan-07 31-Jan-07 31-Jan-07 31-Jan-07 31-Jan-07 31-Jan-07 31-Jan-07
4 07:19 07:19 07:19 07:19 07:19 07:19 07:19 07:19
5 11.3 0.0948 0.0232 362 2.83 0.0504 0.012 0.0916
Tag Zn
mg/L
1 29-Jan-07
2 10:06
3 31-dan-07
4 07:19
5 0.112
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SGS Lakefield Research CA10413-JANO7 25 January, 2007
Client (2736) Jenn Labelle Received  25-Jan-07 08:38
Reference Requested 27-Jan-07 08:38
Project CALR-11237-002 Created 25-Jan-07 08:38
Batch Finished 02-Feb-07 15:37
Supervisor bgraham Samples 1,0,0 - 40
Notes:
ckd ks
Tag | Type Sample ID pH Conductivity | Acidity Alkalinity
units uSicm mglL as mg/L as
CaCo3 CaC03
1 NOS |~Analysis Approval Date 29-Jan-07 29-Jan-07 29-Jan-07 29-Jan-07
2 NOS |~Analysis Approval Time 12:29 12:29 12:29 12:29
3 SMP |LCT-7 Flotation Water Process Water Cycles F+G 11.8 2990 <2 1010
Tag | Carbonate HCO3 Tot.Dissolve F Fe2 Tot S04 Cl
mg/L as mgl/L. as d Solids mg/L mg/L Suspended mgl/L mgl/L
CaCo3 CaCO3 mg/L Solids
1 29-Jan-07 29-Jan-07 30-Jan-07 26-Jan-07 26-Jan-07 29-Jan-07 28-Jan-07 29-Jan-07
2 12:29 12:29 10:26 09:51 09:58 16:27 14:38 14:38
3 933 <2 1360 0.15 <0.5 406 110 30
Tag NO2 NO3 NO2+NO3 Sii Tot.Reactive Hg Al As
asNmg/L | asNmg/llL | asNmg/L mg/L P mg/L mgl/L mall
mg/L
1 31-Jan-07 31-Jan-07 31-Jan-07 31-Jan-07 29-Jan-07 02-Feb-07 31-Jan-07 31-Jan-07
2 09:04 09:04 09:04 08:10 07:55 07:39 10:21 10:21
3 0.09 0.23 0.32 11.9 <0.03 0.0002 0.68 0.0087
Tag Ba Ca Cd . Co Cr Cu Fe K
mglL maglL mglL mglL mg/L mall mglL mg/L
1 31-Jan-07 02-Feb-07 31-Jan-07 31-Jan-07 31-Jan-07 31-Jan-07 31-Jan-07 31-Jan-07
2 10:21 14:47 10:21 10:21 10:21 08:10 08:10 08:10
3 0.0162 113 0.00104 0.0543 0.0170 3.00 9.76 231
Tag Mg Mn Mo Na Ni Pb Se Sr
mg/L mag/L malL mg/L mglL mglL mg/L mgl/L
1 31-Jan-07 31-Jan-07 31-Jan-07 02-Feb-07 31-Jan-07 31-Jan-07 31-Jan-07 31-Jan-07
2 08:10 10:21 10:21 14:47 08:10 10:21 10:21 08:10
! 5.73 0.0608 0.0461 720 2.00 0.0349 0.028 0.0963

23 February, 2007
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23 February, 2007

CA10413-JANO7

Tag Zn
mglL
1 31-Jan-07
2 10:21
3 0.0398
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SGS Lakefield Research 18 January, 2007

CA10307-JANO7

OnLine L

Client (2736) Brian Wakeford Received  18-Jan-07 16:16
Reference Requested 20-Jan-07 16:16
Project CALR-11237-002 Created 18-Jan-07 16:16
Batch Env ICP-MS Metals Finished 30-Jan-07 10:55
Supervisor bgraham Samples 1,0,0-40
Notes:
ckdk s-plese check $
Cl, S04, NO2, NO3 first run on 19 Jan 07. However, there
was a hole in the sample bottle
and therefore the results were rejected due to the
possibility of contamination. Another
portion of sample was provided and the analysis run on
that. ruth 23 Jan 07
Tag | Type Sample ID pH Conductivity | Aclidity Alkalinity Carbonate
units uSicm mglL as mglL as mg/L as
CaCO3 CaC03 CaC03
1 NOS |~Analysis Start Date 19-Jan-07 189-Jan-07 19-Jan-07 19-Jan-07 19-Jan-07
2 NOS |~Analysis Start Time 11:36 11:36 11:36 11:36 11:36
3 NOS |~Analysis Approval Date 22-Jan-07 22-Jan-07 22-Jan-07 22-Jan-07 22-Jan-07
4 NOS |~Analysis Approval Time 10:05 10:05 10:05 10:05 10:05
S5 SMP |LCTS Process Water 11.9 2600 <2 966 907
Tag HCO3 ToL.Dissolve F Fe2 Tot 504 Cl NO2
mgll as d Solids mg/L mglL Suspended mglL magl/L as N'mg/L
CaCo3 mall Solids
1 19-Jan-07 19-Jan-07 19-Jan-07 19-Jan-07 19-Jan-07 23-Jan-07 23-Jan-07 23-Jan-07
2 11:36 07:39 07:43 08:41 08:00 20:10 20:10 20:10
3 22-Jan-07 23-Jan-07 22-Jan-07 19-Jan-07 23-Jan-07 25-Jan-07 25-Jan-07 25-Jan-07
4 10:05 10:40 09:37 14:12 10:29 20:24 20:24 20:24
5 <2 1050 0.09 <05 429 64 67 <0.06
Tag NO3 NO2+NO3 Si Tot.Reactive Ho Al As Ba
as Nmg/L | as NmaglL mgl/L P mglL mglL mag/L mglL
mglL
1 23-Jan-07 23-Jan-07 22-Jan-07 19-Jan-07 23-Jan-07 23-Jan-07 23-Jan-07 23-Jan-07
2 20:10 20:10 15:30 09:27 07:30 09:28 09:28 09:28
3 29-Jan-07 29-Jan-07 23-Jan-07 22-Jan-07 23-Jan-07 23-Jan-07 23-Jan-07 23-Jan-07
4 13:41 13:41 11:19 10:52 11:14 13:08 13:08 13:08
5 0.24 0.24 212 <0.03 0.0001 0.747 0.0155 0.0148
Tag Ca Cd Co Cr Cu Fe K Mg
mg/L mglL mglL maoil mg/L mglL mglL mgl/L
1 22-Jan-07 23-Jan-07 23-Jan-07 23-Jan-07 22-Jan-07 22-Jan-07 22-Jan-07 22-Jan-07
2 12:58 09:28 09:28 09:28 12:58 12:58 12:58 12:58
3 23-Jan-07 23-Jan-07 23-Jan-07 23-Jan-07 23-Jan-07 23-Jan-07 23-Jan-07 23-Jan-07
23 February, 2007 Page 1/2
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CA10307-JANO7

Tag Ca Cd Co Cr Cu Fe K Mg
mg/L mglL mglL magllL mg/L maglL mglL mall
4 11:18 13:08 13:08 13:08 13:08 11:18 11:18 11:18
5 144 0.00086 0.0532 0.0216 2.58 14.6 10.6 13.0
Tag Mn Mo Na Ni Pb Se Sr Zn
mall mg/L mg/L malL mglL mglL mglL mall
1 23-Jan-07 23-Jan-07 22-Jan-07 22-Jan-07 23-Jan-07 23-Jan-07 22-Jan-07 23-Jan-07
2 09:28 09:28 12:58 12:58 09:28 09:28 12:58 09:28
3 23-Jan-07 23-Jan-07 23-Jan-07 23-Jan-07 23-Jan-07 23-Jan-07 23-Jan-07 23-Jan-07
4 13:08 13:08 13:08 13:08 13:08 13:08 11:18 13:08
5 0.0844 0.0244 544 1.78 0.0742 0.024 0.0995 0.0594

23 February, 2007
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Appendix E

Calculation of Preliminary Effluent
Limits for Wetland EE
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Client: Kennecott Eagle Minerals Company Project ID.: 06W003
Project: Humbeldt Mill Project - Surface Water Discharge Standards
v Prepared by:  AKM Date: 10/18/07

Checked by: HF1 Date: 10/18/07

Calculations

Table of Contents

Page
Summary 1
Development of Wasteload Allocations for Toxic Substarhces - R323.1209 - Non-Lotic Waters 2
Receiving Water Data 4
Rule 57 Values for Each Parameter 5
Rule §7 Minimum Water Quality Values 5
Rule 57 Calculations for Cadmium, Copper, Nickel 6
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Client: Kennecott Eagle Minerals Company Project |ID.: 06W003
Project: Humboldt Mill Project - Surface Water Discharge Standards
v Prepared by:  AKM Date: _10/18/07

Checked by: JIF] Date: 10/18/07

Summary Table - Preliminary Effluent Limits (PELs) for Wetlands (HMP-009)

PEL WLA
Parameter PEL ! Basis 2 Formula
(ug/L)
Aluminum n.a.
Antimony 130 HNV
Arsenic 150 FCV
Barium 1012 FCV WLA = FCV = EXP(1.0629°LN(HMP_008_Hardness)+1.18568)
Beryllium 18 FCV WLA = FCV = EXP(2.5279"LN(HMP_0D2_Hardness)-10.7689)
Boron 1800 FCV -
Cadmium 8.4 FCV WLA = FCV'T =(EXP(0.7852*LN(HMP_009_Hardness)-2.715))"(1.101672-
((LN{HMP_008_Hardnass}*0.04184)))*2.1
Chloride n.a.
Chromium 212 FCV WLA = FCV*T = (EXP(0.818"LN{HMP_009_Hardness)+0.6848))"0.86"1.5
Cobalt 100 FCV
Copper 26 FCV WLA = FCV'T =(EXP{0.8545'LN(HMP_009_Hardness)-1.702))*0.96°1.5
Fluoride n.a.
Iron n.a.
Lead 108 ECV WLA = FCV*T =(EXP(1.273*LN(HMP_009_Hardness)-3.296))*(1.46203-
((LN(HMP_009_Hardness)*0.14571)))*4.5
Lithium 96 FCV .
Manganese 3857 FCV WLA = FCV = EXP(D.8784*LN{HMP_008_Hardness)+3.5189)
Mercury 0.0013 Wwv
Molybdenum 3200 FCV
Nickel 111 FCV WLA = FCV*T= (EXP(0.846"LN(HMP_009_Hardness)+0.0584)".997)"1.1
Nitrogen n.a.
Phosphorus n.a.
Potassium n.a.
Selenium 5.0 FCV
Sodium n.a.
Strontium 8300 FCV
Sulfate n.a.
Thallium 3.7 HNV
Vanadium 12 FCV
Zinc 484 FCV WLA=FCV*T= (EXP(0.8473"LN(HMP_009_Hardness)+0.884)*0.986)*2.1

Notes
General Preliminary effluent limits (PELs) were developed for all contaminants listed in the summary table, however,
six parameters were selected to show methodology. Three of the six parameters are hardness dependent,
the remaining three are table values with no calculation involved. See the following pages for development
methodologies on the six selected parameters. A total of nine parameters are hardness dependent: barium,
beryllium, cadmium, chromium, copper, lead, manganese, nickel, and zinc.
' PEL is based on the number of parts of receiving water available for mixing (Q) of 0 for wetlands.

2 PEL basis is lowest value considering HNV, WV, HCV Non-drink, FCV, AMV from the MDEQ Rule 57 table
titled "Rule 57 Water Quality Values, Surface Water Assessment Section, Michigan DEQ". This value is
compared against the FAV to abtain the WLA and PEL.

Abbreviations:

AMV Aquatic maximum value HNV Human non-cancer value, non-drinking water

FAV Final acute value n.a. Not applicable

FCV Final chronic value T Dissolved 1o tolal metal translators for aquatic life wasteload allocations.
HCV Human cancer value WLA Waste load allocation

wy Wildlife value

J:\scopes\DBWO03110000\FVD Reports\MPA Vol \Mass Balance\Humboldl WQBEL . xls



Client: Kennecott Eagle Minerals Company Project ID.: 06W003
Project: Humboldt Mill Project - Surface Water Discharge Standards
v Prepared by:  AKM Date: 10/18/07

Checked by: HF1 Date: 10/18/07

The following presents detailed calculatians for six select parameters. Although receiving water flows
and water quality are not required for discharge to wetlands, these calculations show the impact of
receiving water flows and water quality and provide detailed MDEQ rule documentation.

Development of Wasteload Allocations for Toxic Substances -
R323.1209 - Non-Lotic Waters

Locations with no flow R 323.1209 (1){b) Chronic WLAs for discharges to inland lakes

for total or {otal recoverable: WLA= Zt{1+Q) - Cr Q
For aquatic life values expressed as dissclved metal: WLA= Zd T(1+Q) - CrQ

Where:
Zt - he lowest water quality value developed for the foxic substance
expressed as tofal or total recoverable
Zd - waler quality value for aquatic life expressed as dissolved metal.
T - dissolved to total translator for aguatic life from Table 2. Cd=2.1,
Cu=1.5,Ni=1.1,Cr=15,Zn=21,Pb =45
Q - number of parts of receiving waler allocated for mixing under R
323.1082 (5), <=1in 10
Cr - receiving water background concentration developed under R
323.1207(1)(g), 2-4 dala points for this.
WLA - wasle load allocation for an individual point source that ensures WQ
is maintained
Arsenic, total (uglL)
Zt 150
Q 0
Cr 0.G9
calculaled WLA in ugil 150
Compare with FAV 680
Lowesl compared value 150.0 R 323.1082 (1), This is allowable WLA
Cadmium, total (ug/L)
Zd 4.01 FCV, Lowesl value for aquatic life
T 2.1
Q 1]
27 0.097
calculated WLA in ug/L 8.4
Compare with FAV 20
Lowesl compared value 8.4 R 323.1082 (1), This is allowable WLA
Copper, total {ug/L)
Zd 17.57 FCV
T 1.5
Q 0
Cr 6.0
calculaled WLA in ugfL 26.4
Compare with FAV 56.5
Lowest compared value 26.4 R 323.1082 (1), This is allowable WLA
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Client: Kennecott Eagle Minerals Company Project ID.: 06W003
Project: Humboldt Mill Project - Surlace Water Discharge Standards
v Prepared by:  AKM Date: 10/18/07

Checked by: JIF1 Date:; 10/18/07

Development of Wasteload Allocations for Toxic Substances -
R323.1209 - Non-Lotic Waters (continued)

Mercury {ug/L)
Zt 0.00130
Q 0
Cr 0.00136
calculated WLA in ug/L 0.00130
Compare wilh FAV 2.8
Lowest compared value 0.00130 R 323.1082 (1), This is allowabla WLA
Nickel, total (ug/L)
Zd 101.33
T 1.1
Q 0
Cr 14.0
calculated WLA in ug/L 111
Compare wilh FAV 1825
Lowest compared value 111.5 R 323.1082 (1), This is allowable WLA
Selenium, total {ugfL)
Zt 5
Q a
Cr 0.25
calculaled WLA in ug/L 5.0
Compare with FAV 120
Lowest compared value 5.0
Compare wilh Z1 5.0 R 323.1082 (1), This is allowable WLA
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Project 1D.: 06W003

Client: Kennecott Eagle Mincrals Company
Project: Humboldt Mill Project - Surlace Water Discharge Standards
v Prepared by: AKM

Checked by: JIF1

Receiving Water Data

Location of surface water collection point HMP-009 is shown on attached Figure 1.

Note: Table values for pollutants are "Cr" values used in the calculations to determine WLAs.

Arsenic, total HMP-009
0.69 uglL

Cadmium, total HMP-009
0.097 ug/L

Copper, total HMP-009
6.0 mg/L

Mercury - low level HMP-009
1.36 nglL

Mercury - low level HMP-009
0.00136 ugf/L

Nickel, total HMP-009
14.0  ug/L

Selenium, total HMP-00%
0.25 ug/L

Note: These table values are "Qr" in the calculations for WLAs.

Flow HMP-009
n/a cfs
Total Hardness HMP-009

220000 ug/L

Note: These table values are "H" in the calculations for Rule 57.

Total Hardness HMP-009
220 mg/L
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Client. Kennecotl Eagle Minerals Company Project ID.; 06W003
Project: Humboldt Mill Project - Surface Water Discharge Standards
v Prepared by.  AKM Date: 10/18/07

Checked by: JIF1 Date: 10/18/07

Rule 57 Values for Each Parameter
Note: these values become Zt or Zd values in WLA calculations.

HNV HCV
Arsenic, total Non-drink WV Non-drink FCV AMY FAV
Lowest Value
HMP-009 150 280 NA NA 150 340 680
HNV HCV FCV AMV FAV
Cadmium, total Non-drink WV Non-drink
Lowest Value
HMP-009 4.0 130 NA NA 4.0 10.0 20.0
Copper, total HNV HCV FCV  AMV FAV
Lowest Value Non-drink wWv Non-drink
HMP-009 176 38000 NA NA 17.6 28.2 56.5
Mercury - low level HNV HCV
Lowest Value ~ Non-drink Wwv Non-drink FCV  AMV FAV
HMP-009 0.0013 . 0.0018 0.0013 NA 0.77 1.4 2.8
Nickel, total HNV HCV FCV AMV FAV
Lowest Value Non-drink wv Non-drink
HMP-009 101 210000 NA NA 101 912 1825
Selenium, total HNV HCV
Lowest Value Non-drink Wy Non-drink FCV AMV FAV
HMP-009 5 2700 NA NA 5 62 120
Rule 57 Minimum Water Quality Values Lowest Rule 57 value is based on protection of:
Paramater
HMP-009
Arsenic, total 150 Arsenic FCV
Cadmium, total 4.0 Cadmium FCV
Copper, total 17.6 Copper FCV
Mercury - low ievel 0.0013 Mercury WV
Nickel, total 101.33 Nickel FCV
Selenium, total 50 Selenium FCV
Where:

NA not applicable

FCV Final Chronic Value - no injury to aguatic organisms
WV Wildlife protection value

HNV Human non-cancer value, non-drinking water

HCV Human cancer value, non-drinking water
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Client: Kennecott Eagle Minerals Company Project ID.: 06W003
Project: Humboldt Mill Project - Surface Water Discharge Standards
v Prepared by:  AKM Date: 10/18/07

Checked by: JIF1 Date: 10/18/07

Rule 57 Calculations for Cadmium, Copper, Nickel

FCV, AMV, FAV have formulae based on Hardness. (Links to Tables sheet for Rule 57 values).
Cadmium

CFa=acute conversion value for Cadmium = 1.136672-(In H x 0.04184)

CFa=acute conversion value for Cadmium = 1.136672 -InH x 0.04184
CFb=chronic canversion value for Cadmium = 1.101672-(In H x 0.04184)

CFb=chronic conversion value for Cadmium = 1.101672 -InH x 0.04184

Form: exp(A*LnH+B)*C*D

average Calculated
HMP-009 A H mag/L B CFa CFb D Value
Cadmium
FCV 0.7852 220 -2.715 0.8760 1 4.0
AMV 1.128 220 -3.6867 0.9110 1 10.0
FAV 1.128 220  -3.6867 0.9110 2 20.0
Copper

Form: exp(A*LnH+B)*C*D

HMP-009 average Calculated

A H mg/L B C D Value
FCV 0.8545 220.0 -1.702 0.96 1 17.6
AMV 0.9422 220.0 -1.7 0.96 1 28.2
FAV 0.9422 220.0 -1.7 0.96 2 56.5
Nickel

Form: exp(A*LnH+B)*C*D

HMP-009 average Calculated
A H mg/L B G D Value
FCV 0.846 220.0 0.0584 0.997 1 101.3
AMV 0.846 220.0 2.255 0.998 1 912.3
FAV 0.846 220.0 2.255 0.998 2 1824.7

J:\scopes\06WO003\1 0000\FVD Reports\MPA Vol \Mass Balance\Humboldt WQBEL .xls




e

Foth Infrastructure & Environme Kennecott

4 LEGEND
1. Orthophatography supplied by Aero-Metric Engineering, —— W DESCRIFTION Eagle Minerals
Sheboygan, Wiscensin. Date of pholegraphy: April 27, 2006. PLSS Seclions

2. Horizonlal datum based on NAD 83/96. ---_- FIGURE 1

Horizontal coordinates based on Michigan Stale Plane North. | Weilland

3. Site Locafion - Project Site within Sections 2 and 11, T47N, R29W, 6 Foth ---— WHILE,'II}AL?\?JIBDSTAWF"’[[ Ifdléoﬁjgﬁ}
Humboldt Township, Marquette County, Michigan. KEMGC Property Boundary Foth Infrastrusture & Ervironment,

4. Revised Wetland Boundary GPS data supplied by King & MacGregor ECKED BY: : o

4
et
Prepa .
140600 unsdiEIAVHTDF ime_humboldt_Wetand_point_tmp009_{ 1x17.med  Octabier 19, 2007 APPROVED BY: pared b D Project Na:  06W003




Appendix F

Multi-Compartment Model:
Definition of Flows, Variables, and Compartment Mass Balances
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Feth inkasvucture Environment, LLC

L ol
B \a fu |
.’ M 1
t E-!. | i
gi= E 2|5 7"
|E'-E E 25 242 initial
Name 1oiSi& & 5 5 G bescription valup _|Equall - .
Alkbed - l'v; Y |Alkalnity of Tals Bed 160 [dAlkbedidi= [Alk_plume Q5pw-FAIKpwS-F 1 VolRaleActiveTails) 100 for ActivePoreValTails <100
1151 | N
Alkbed I¥] | X! 160 |= (Alk_plume*O5pw-FAkgwS-FAkbunak-Alkbed"VolRaleActivaTals)/ActivePore\aTails by default
Alk_bunial s i | 1Y [Mass (kg) af Alkalnity [] dAlk_bunalid! = +FAlkbunal/ 1000000
| | || lbuned in deeper tails
Alk_NHTDF Y ] |Alknlnity N HTDF (mgiL 100 dAlk_NHTDF/dt = [Nl\_bid\womd'hlnlumlFIUWNHTDF-kEINPN‘ﬁIkDemnndF‘ammlF&lklN-Fﬁ\lﬁNI-thlnul—
- | || lcacoy) Alk_NHTDFVolRaleN)Vo! NHTDF i
Alk_Output ¥ i e 0 dAlk_Oulp = +FAlkNout+FAIk1out
Al e | Y jAlkalinity 1 {mpil CaCO3) 100 jdAlk1idi = (Alk_backy alFlowMainHTDF+AL_plume QP 1-FAlk 1out-kd 1 P1"AkDemandParam-FAIK12-
1. ¥ i | 1me+me1+mem'v IRale 1)Velt
Aik2 Y 1 & l | ¥ [Aikalinity 2 (mg/L CaCO3) |08 |dAlkidi = (Alk_pluma"QPa+0pw2-Alk_bachgiound kdZP2"AlkDemandPamme+ FAK12+FAKI2-FAIRZ1-FAKZI-
b ! | laKeVolRate2jvol2
A3 A T O | ¥ | Alkalinity 3 {mg/L) 100 (dAKIIL = [Alk_pluma"QP3+{FeRdxn3-kdir)' AlDemandParame+F Ak23+F Alk43-FAIRI2-FAIRS4-Alk2*Q3R-
| | ! Alk3*ValRate3 Vol
| Alkd [Y 1 31 Y ihﬂmfmlnﬂ (mg/L CaCO3) 140 dAlk4/dl = (Nk_[dun’l'ﬂih {F kd4Pa)mAlkD dPnromtFAIKSA-FAIKE 3+ FAIKIS-FAIK4E-Alkd*D4R-
i | Alkd ValRaled) Vol
AlkS i b Fi 3 \‘ Ill‘kllmlly 5 (mg/L CaCO3) 160 dAlkS/dt = (Nk_[.luln!'DPS_wnI,ul*i_'FﬂRdmﬂlﬁPEFﬂO5bﬂdl'AB|DﬂmﬂndanmFNk54+FNk45|FNkh\v\ﬁ-
} AlkS*Q5F-ARS"ValRales)Vels
HuriedHaal Y ] I IHnnl {GJ) buned in desper a dBuriedHaat/dt = +Hbunal
| | | |tails {pora watar + solid
I I ) S R e el pe
Ched I¥1 | | ¥ ! |Tracked metal concenlration] 200  |dCbed/dim (C_plume*Q5pwtFSbad-FpwS-Fbunal- -Ched"VolRaloActiveTals)100 for ActivePoreVolTails <100
E i {ugiL) in bod pore water,
| | | linitial value is for nickel
o it | L |case.
Cbed [ ¥.! i (C_plume*Q5pwe FSbed-Fpws-Fburial -Ched"VolRaleActveT nilsj/ActivePareVolTails by default =
C_burnal Y I 1Y [Mass {kg) of C buned in 1] I"C bunalidl = +Fbunal 1000000
|| ldeoper tnils i
C_NHTDF Y " ITracked maial concentralion 14 (dC_NHTDF/dl = (C_background™NaturaiFlowNHTOF+F 1N-FN1-C_NHTDF*QNoul-C_NHTDF*VelRaleN)Vol_NHTDF
i | Jugil) in N HTOF, initial
E | |vahue is for nickel ense.
C_treaicd = Y T 0 ldc = Total_Ouiflaw Cinflueni 1000000
er Y Traeked metal concentration 14 |dC1/dl = (C_background NaturalFlowMainHT DF+C_plume" QP 1-F12-F IN+FN1+F21-010urC1-C1*VolRate 1)\ol1
! {ugfL) m 1, mibal value is for
i nickal case.
c2 ¥ | Tracked melal concenimtion 11 dC2/dt = [C_plume*QP2+Qpw2 C_background+F12+F32-F21-F23-C2*VulRate2)Vol2
| | |fupiL) in 2, initial value is for
| 1 ! nizkal case.
c3 Y Tracked metal concentralion 17 dCAfdi = {C_plmn:‘QPbF!!vF{!—Fﬁ-FM-C:i'CI:IR-Cﬂ‘VolRatn:\WnIJ
i | ltug/L)in 3, inilial value is lor
! | |nickel case.
|
c4 Y ] Trachad motal concenirabion| 210 |dC4tdl = [C_plume-GP4+F54-F43+F14-FA5.C4°04R-C4VolRated)Nol4
| {ugiL) in 4, initinl value is for
| nickel case.
C5 € v ] Tracked motnl concantration| 280 |dCA/d] = (C_plume: GPS_walar Fobed-F 54 +F45+Fpws-C5"05P-C5"ValRateS5)Vels
! {uplL) in 5, initial value is for
| nickel case.
DischargeMass ¥} Y Sh—r;ﬂ;[:il}ﬂmma mass lo [1] dDischarg: = load"2203*Q0wy/ 1000000
{ HT al
DO_bed_spent Yl F | Mass of Dissolved O2 lasi ] dDO_bed_spent/di = «FDOSbed/ 1000000
io bed by diflusion. Rale is
- ltracked lor alkalinity
| adusiment, Bed DO
cunceniration is sol by
| |paramelor DObea (lypically
”n];. ——— — - —
DO_NHTDF ¥ 1 'Y | Dissolved O2 Concentralion 10 dDO_NHTOFId! = (ka_N*{DOsat_N-DO_NHTDF)-kdNPN+DO_bckgnd"NaluralFlewNHTDF+FDO1N-FDON1-FDONoul-
l | lin Nerthem HTDF (mg/L)DO DO_NHTOF*ValRaleNy\Val_NHTDF
1 |
oot I l r ¥ |Dissclved OZ Concenlralion 10 dDO 1/t = (kn1*{D02a11-001 ke 1P1-FOO 1 out+DO_bckgnd“NaturalFlowhainHTRF+D0_plume*QF1-FOO12-
| i 41 (mall) — FDO1N=FDON1+FDO21-DO1*ValRata1)/\Vall
Do2 bl I YD 2 {mgll) 10__|dD02idl =(D0_plume QP 2+0gw2"D0_bckand-kd2P2+F DO 12+F0032-FOD21-FD023-002 VelRale2)Voi2
o3 ¥ [} 'yiooa [_g&} B T-D‘D:m‘ll = )D_pjum‘OP}kIIEFkFDDZ:kFDD‘ﬂ -FDO32-FDO34-D03"02R-D0I"ValRaled)Vald
D04 ¥ 1 K, 564 4 (mpiL) 0 |dDD4/dl = (DO_phuma"QP4-kd4P4+F DO54.FDO41+FDO34-FDO45.004'04R-D04 ValRaled)Vals.
Dos i Yoo} ! Y |DOcon DO conc. 5 {mp'L) 0___ |dDOSid = (DO_plume OP5_waler-kdSPS-FOO54-05P°D0S-FDOSbed+FDO45-D05VolRates)Nols
DOoul : | __|DO mass oul (0] B o Udt = +FOONDul+FOO 1 oul
Heal_oul i | . ITotal Heat in Quificw G _ o I_cut/dl = ~Hlout+HNoul =y
IGE ______ i i i | Y {Tonnosof Ice in N HTDF 0 dICE_Nidi = {HN_MELT-HN_ICE)/LalentHeallce
ICET bl | |__.Y [Tonnes of lce in 1 1o IdICEdl=-(H1_MELT-Hi_ICE)LaleniHealice
OxFe_bunal Y | | | Y |Mass (kp) of FeDx buried in 0 dOxFe_bunalidi = FOxFeSBed/ 1000000
i i tails et
OaFe_N Y | [~ | |Fomciron In Nartherm HTDF|  G42 |dOxFe_idi = (P_backgraund NaturalFlowNHTDF +FOxFe1N-FOxFeN1-FOxFeoutkdNPH'E 98-
| L o) OxFe_N'VolRalaN)vol NHTDF
OxFe_Outpul I Y | |Farric iron mass in autpul o o0xFa_Outputidt = +FOxFeoul+FP loull
(OxFet iY ' Y |Femnc iren in 1 (mail) 0.42  [dOxFet/dl = (OxFe_ o [FlowMainHTOF-FP 1oull-FOxFai2-
I | |FOxFeiN+FOxFeN1+FOxFe21+kd1P1°6.08-OxFe1 VolRale1)Val1
OxFa2 i Y i iy iFHﬂ'i:l'mﬂ in 2 {mglL) 045 |dDxFoidt = (FOxFa12+Qpw2 OxFe_ background+F OxFe32-FOxFe21-FOxFez 3+kd2F2°6 05-0OxFel-VolRate2 )\ol2
1 i
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Lad | (L T [
|- '
HE:-
Elo!El |z
B8 5 xl2 initial
Name oidiaic!y |Doscriplion | walue |Eguatio ~
OxFed Y ; t :FIITI: iron in 3 (mpiL) | 038  |dOxFelid! = (FOxFe23+FOxFod3-FOxFel2-FOxFal4-OxFed Q3R +(kddP3-FeRdxnd)"0.26-OxFedVolRaled)Vold
OxFod Y II 7Y |Femciron tn 4 {mpiL) o1 |dﬂ:FB4i!ii = [FWH&vFDxFﬂS&FO&Fﬂ#-FDIF:IS-O'xPlfd'CIAR+[kﬁiP‘-Fﬂﬂdwrﬁ.BB-O:FG-"VOIRHLMWMI
—m — I . - I
OxFa5 Yi | | Y |Farnc iron in 5 ciron in 5 (mgiL) 01
Phed (] ¥ |00 dem: 1]
Poed T o R Y |=_{7_sl FPa\_v_fg-qr_Punml-Pbud‘vnlﬁllnA:ﬂunTnlI:]mnwnFuranlTnd. I_r_.rdufm.ll willeren i
P_bunal Y | Iy dP_burialidl = +FPI:|I|MI.F1DDDEIIJD
P_NHTDF Y | |DO demand concentration, 0 |dP_NHTDF/dt = (P_backgmund*NaturalFiowhiHTDF+F P 1N-FPN1-FPNoul-kdNPN-F_NHTDF*VolRateN)Val_NHTDF
| [Nonheam HTDF (mpiL)
P_Outpul Y | | 0D demand mass in outpul 0 dP_Clutpulfdf = +FPNoul+FP 1out —= =
P1 Y i DO domand concentralion 1 1] dP1/dl = (P_backg NaturalFlewMainHTDF-FP1ou+P_pluma QP 1-FP12-FPIN+FPN1+FP21-kd1P1-
| ! mgiL) P1ValRate 1)al1
P2 Y, i I 00 demand concentralion 2 0 dP2id = (P_plume*QP2+0gw2"P_background-kd2P2+FP124FP32-FP21-FP23-F2"ValRata2)Nal2
] : (L) e
P3 Y | t | 1DO demand eaneentration 3 | a dP3fdt = (P_plume*QP31+FeRdxnd-kdIPI+FP23+FP43-FPIZ-FPI4-FI"QIR-FI"VelRaled)Vall
! i {17117 () SRR, e S e . o
P4 Y | i DO demand concentration 4 1 dP4idt = (P_plume0P4+FeRdind-kd4P4+FP54-FRA3+FPI4-FPA5-P4"Q4R-P4"VolRaled) Vol
i o tDEIL) e i AR R BT T T
PS ¥ i i IDD demand conconlration 5 1 dPSIdt = (F'__plumn'ClPE waler+FeRaxnS-kd5P5-FP54 +F P45 +F Ppws-P5"Q5P-P5*ValRnle5)ValS
RecycleMass Y i Y A::numlng of mass of 0 |dRecycieMassid = (AR CI+QAR"C4)11000000
i | | Ir.urrwund raclaimed lo
i I | |recycie stream, see
] RECYCLE
Shed ¥ |TD5.n lails bed {maiL) 460__ |dSbedidi = [S_plume 05pw-FSpwS-FSburinl-Shed ValRateActiveTails) 100 for_ActvePoreVolTails <100
Sbed Y TDS in lails bed {(maiL) 460 Is (S_plume*Q5pw-FSaws-FSburlal-Sbed"VolRateAcliveTailsfActivePoreVaolTails by default
5_bural ] I ¥ |Mass (kp) ol TDS buned in 0 |dS_burialdl = +FSbunial 1000000
- R A et
5_NHTDF Y [ ] 330 |dS_NHTOFidi = (S_backp alFlgwhHTDF-FSNoul=F S1N-FSN1-5_NHTOF 'ValRalaN)\Vel_NHTOF
51 Y| | | Y {Salt conceniration 1 (TDS, 330 idsﬂdt (5_background*NaluralFlewMainHT DF+5_plume OP1-F510ul-FS 12-FS 1IN+ FSN1+FS21- S1VaiRale 1Mol
S2 ¥l 1 | ¥ iSait 2 (TDS, mail) J‘J.D_!:ISZ@I_H_ (5_plume'0P2+0gw2"S | bul:kjnwnnlOFE 12 2+F! "\
53 ¥ i Y iSalt3 (mg/L TDS) 340 1dS3/dl = (S_plume'OP3+F5234F543-F532.F534- .52 'am“a-umnmawm ——
[T T [ 7 B [ T [ L4 (mg/LTDS] | 430 |dSAldi= (5_plumeQPAF554-F 543+F 534 F545-54°Q4R-S4"ValRated)Vol4
S5 ¥l | [E it cane 5 (mgiL L TDS) 459 |:I55} L= (S_plume*QP5_waler-F554+F5454FSpws-S5"05P-55"ValRate5)
Sout 2 || |Sali mass in outpul (TDS) D |dSoulidl= +F510ui+F SNeul
T1 i‘f | 1YY 'Tnmpelituru {C). i} {dT 1/ = dT1_w_ICE + (H1_ICE-H1_MELT)MHealFactarVoll_w_ICE for T1<0D
i ! manment 1 |
T Y | 1Yy 'Tumpur:turn {C). 0 = dT1_wo_ICE by default
i | leompartment 1
T2 Y 'Y Y [Temperature (C), [] dT2/dl = (#H12+H32-H21-HZ3+T_gw2"OgwZ HeatFactor+ T_pluma*QF2°HenlFoctor-
i | companment 2 T2"VolRata2 HeatFacter)/(Vol2*HentFaeter) for load = 0
T2 ¥ i ¥ | Y [Temperature (C), [] = [H12+H32-H21-H23+T, _gw2*Ogw2’| Hunl.Fir;lnrvT__plum'GPZ'HuatFm;mr
| | lcampatment 2 T2"VolRale2"HeatFaclar)/Vel2"HeatFactor) by default e .
T3 ¥l 1 i LYY [Temperature (C), £ dTdl = (+H23+H43-HA2.-H34-TIVelRaled HealFacioni(Vold*HealFaclar) lor load = 0
| Lt ; 3 ! L, | iy i
¥ Yri] Y | ¥ {Temparalure (C), 175 = (T_plume"QP3"HeatFactor+Hza+Ha3-HI2-H34.03R T3 HealFactor-Ta*VaolRaled HealFactor ) (Vol3“HoalFachor)
1 | | campanment 3 by dataull
T4 Yl | ¢ iy ! s |T=mpnml.|nn (C). 5.1 dT4/dl = (+H54-H43+H34-H45-T4"VolRate4 HealFactor) Vol "HeolF nelor) for land =0
R ! $d ] afment £ s
T4 Y | | \‘ | ¥ | Temperalure (C), 5.1 = (T_plume*QP4*HealFactor+H54-H43+H34-H435-T4"04R " HealFaclor-T4"ValRated"HealF actar)/ Vol “HeatFastar)
i (| |compariment 4 by delaull g
TS X: T | 'Y Y {Temperalure (C), 55 dT5/di = (-H54+H45+Hpw5-T5*ValRale5 HeatFactor)/{(VolS*HealFactor) for load =0
! | | lcomponmen & Y [y A
75 2 il "Y1'Y Tnmnnutuﬂl {C] 55 |=(T_plumo*{QP5_walar)"HoalFaclor-H54 +H45+HpwS-15" Q5P*HealFaclor-
B i i bl ok ! 1 T5*VolRale5*HealFactar)/(ValS HentFactar) by defaull 4
T_NHTOF Y Y [ Y Tnmpm:m {L‘.'_I northem 13 dT_NHTDF/dt = dTN_w_ICE+ (HN_ICE-HN_ MELT)/HeatFactorVoiN_w_ICE-HNoul for T_NHTDF<0
L., HTDF = = =~
T_NHTDF Y :? 1Y [Temperatura (C), northemn 13 = dTN_wo_ICE by delault
| | |HTDF
Talisinventary Y | | |Total Dry Tennes of Talls in | 2501965 IdTailsinventory/dt = -Tailsin
| ! | |inventery (to be placed in
| | |HTOR)
TalsLowerHTDF Y Y iTolal Dvy Tonnes of Tadsin 0 dTadsLowerHTDF/L = +Tailsin-TadsCul
| _'Lower HTDF
TaisCutlol Y| i Dy Tails Loss (dry lwnnes) o dTaitsQullaldt = +TaillsOul
Thed Y1 Temparalura of Bed (C), 85 |dTbeaidi= ({T_piume QSpw HealFactor-Hburial)"RH_bed-Hpws- iy
| | |heat balance includes selid Thed"HealFaciorVolRateAchve Tails"RH_bed)/(100°HeniFaelor' RH_bed) for ActivePoreVolTalls <100
| | |phase in equilibrium wilh
i _|pore vier EERESI ] TINPTUCRA Y. [Nt e e
Thad ¥ i Y [Temperalure of Bed 55 = {{T_plume*Q5pw"HealFoclor-Hbunal)*RH_bed-HpwS-
{dagress C} ___|Thed*HealFactorVelRnteActiva Tails"RH_bed)/{AclivePoreVolTolds"HealFacter RH_bod) by default
WalElay LI Y |Water Elevalion, 4B0.7624 (dWalElevidi = ElavRate
| | {dynamically adjusts to
. [ | pular ow and output (m)
— e w— ! S B - — ] ——— e —————————— e —————
e Y| Flow fram C1 18 C_NHTOF | FiN= mixiN G1 = e e S
Fi12_ anF ¥l iy _lFlowimmC1ie C2 Fi2= Ci'mixi2 for OxFei <0.01
Fi12 Y 1Y
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ERRRTEN |
I‘E =g 1
- 1
[E12E =] U inivat
Name Slaizig!al |Duscription g _’ value |E
F2i i"" TUY U T iFlewlomC2w0CY_ | IF1=021°C2 e o i < )
F23 | ¥ vl |FlowlhomC210C3 | (F23= " mix33°E3 ior OxFe2 <0.01
F23 | [ I = mix23°C2 + vsFo"Aren 3" AP V2" mun (O 02 1000/G2, 1 Ji{1+K_camplex2/0xFe2)'C2 by defaull
Faz T 1| ¥, ; | [FlowhomC3t0C2 | |F32=032"c3 n
Fa4 (I ¥ ¥ _|FlowfromClio C4 | |F34 = mix34°C3 for_OxFed < 0.01
Fa4 | MR | |=_mixd4"C3 + vare Areadd APV mn(OxF £371000/C3, 1)/{1+K_comninx3/0xFed)"C3 by dofaull
Fa3 1 3 !Fluwfmmmm c3 | FA3 = 043 CA P
F45 { i fmm CamcChs 1 Fﬂ = mixd5*C4 for OxFed < 0. 01
Fdb N s “C4 + ysF e Amadb APV min(OxFo4* 1000/C4 1)/(1+K_complexd/OxFed)"C4 by dataull
FEa , AT Flow Iram C5 Io C& F54 = Q54 C5§
Fibed ! Flow from CS (o Ched T IFSbed= 0 for OxFuS <001 =gl
Fabad ! £l '= vlFe'TmllBedAru'Nkaﬁ'rrdn{OanS“Oﬂml:ﬁ 1)1+ _complexS/0xFeS)"C5 by delaull
FAIK1Z oo L ow from 51 ko 52 ~IFAIKIZ = AT 'mixiZ ¥
FAIKIN BB ow fram Alk1 to FAIKTN = mis1N * Alk1
{3 Alk_NHTDF
FAlkTout 1Y |Flow trom Alk1 to FAlkioul = Q1out* Akl
L] 1Alk_Ouiput --
FANZ1 | [IEE) | IFluw from 52 (o S1 FAIKZ1 = Q21° Ak2
FAIk23 | VLY |Flow from 52 10 53 — |FARZ = mixd3 A2
FAIR3Z [ EY | IFlow fram S3 1o 52 — _|FAN3Z =032 " Alk3
FAlLI4 5T O | Flow Irom S3 lo 54 |FAIKI4 = mix34*Alk3 e 2
FAlk43 IO O 2 FiowiomSit083 | __ IFAIR43 = Q43" Alkd . _
1Y |Fiowe Irom 54 1o 55 i IFAKAS = mixa5-Alkd -
! 1Y |Flow from AlS 1o Alkd |FAIKGS = 054" AlkS B
oY Flow from Alkbed fo FAlkbunal = max{Q5pw-VolRateActiveTails,0)" Alkbed
] L Ak bunal
iv | [Flow trom Alk_NHTOF 18 FAIRNT = mixiN * Alk_NHTDF
U lam
FAlkHout ¥ T |Flow from Alk_NHTOF to FAlkNout = QNoul® AlK_NHTDF
| | LAlk_Output | -
FAIkpwS ' T IFEN__I‘l_u_{[_l Alkbed lo AlkS |FAlkpwS = BodDiflusion * {Alkbed-AlkS) * TailsBedArea
Frurial i | Y | |F1aw from Ched to C_burial Fburial = max(QSpw-VelRateAstiveTails,0)° Coed
FDD12 I iyt 1 _l__iF.Inw irom DO1 t0 DOZ _ ___ |FDD12 = DO1*mx12
FDOIN ‘ Y | |Flow from DO1 to FDO1N = mixIN * DO1
| |__|po_NHTOF 2
FDO1oul Y I IFiow from DO1 ts DOal |FDO1oul = Oloul " DO1
FDO21 Y1 IFiowirom DOZ 1a DO1 IFDO21 = Q21" D02 Y, e
FDOZ3 L iyl T iFiowfem DO2 10 DO3 |IFDO23 = mix23° D02
FDD32 IR TFiow from DO3 1o DOZ |FD032 = 032 * D03
FDO4 I iYn | |Flow from DO3 1o DO4 i IFDO34 = mix32"D03
FDO43 Yy [Fiow from 4 10 5. ! IFD043 = 043° D04
FDO45 T Iyl 10 [Flow from 54 10 55 IFD045 = mixd5°D04
FDOR4 vl 1 Flow from 55 10 54 IFDO54 = Q54" DOS
FDDSbed Y ¥ |Fiow from DO5 to FDO5bed = -BedDiffusion- | alsBetAra- (00bed-DOB)
. — fo |__IDO_bed_spent
FDON1 . I i ¥ | Fiow fmm DO_NHTDF to FDON1 = mixIN" DO_NHTDF
| _ioot
FOONoW | | Y Flow Irom DO_NHTDF 10 FOONout = QNowl® DO_NHTDF
| Doou
Ferdnd 1% 17 1% ¥ |Flow rom OFe3 1o F3 FoRdxnd = 0.015°kd_basie'OxFad-Vola" 10247 (T3-20) lor_DO3 <= 0.5 =
FeRdmd vl lyiyl = 0 bydefaull
FoRdsnd Y| Y Y |Fiow from GxFed lo P4 |FoRdand = D,015°kd_basic"DaFed"Vol™1.024*(T4-20) for D04 <=05
FoRtixnd Y Yy = (_by defaull v
FeRdxnb X ¥ Y |Fiow from QxFeS tn P& — |FeRdxnS = 0.015°kd_basic'{OxFu5)"Vol5"1.024*(T5-20) for DOS <= 05
FeRdxns ¥ Yivi = 0 by delaull
FH1 Y | IFlow from C_NHTDF 1a C1 FN1 = mixIN * C_NHTDF
L = S——— - =
FOxFel12 Y. | Flow Irom OxFel tuv OsFe2 FDxFel12 = OxFel*mixiZ + vsFe Area12*0xFet APyl
FOsFoIN i v I~ |Fiow from P1 1o P_NHTDF FOaFu1N = mxiN * OsFet )
i !
IEQI_F_F_Z'. Y | __{Fiow from 52 10 51 FOxFe2! = 021° OxFe2 G
FOxFe23d Y | T |Fiow trom OxFel (o OxFu3 IFD:FQZ! = mix23"OxFe2+ vsFo Amn23 DxFa2 AlkPvi2
| |
FOxFed2 1Y |Flow from 53 o §2 FOxFed2 = Q32 * OxFed
FOxFe34 Iy | |Fiow from OxFed fo OxFed FOxFedd = mix34"0xFeds vaFe~Amal4 OxFad AlkPvil
FOxFed4d i Y | |Flow fram OxFie4 10 OxFed FOxFedd = Q43" OxFed
FOxFodS I €7 | | " |Flow Iram OxFed 1o OxFes |FE|1FMS = Mmixé& OxFod+ vaFo Areads OxFod AlkPvi4
FOxFe54 VT Fiow fom S5 10 54_ |FOxFe54 = 054" OxFes ot
FOxFeiBed I | Y T [Fiow trom OxFe5 1o iFOanSBu:I = ysFe * TallsBedAren™ OxFes * AlkPviS
| I | CxFe_bunial ghinb =,
FOxFeN1 ¥ ! Flow from F_NHTOF 1o P1 l[Fanm = mixiN - OxFe_N
FOxFeout | Y | |Flow from P_NHTDF la |FDxFuuu1 = QNoul* OxFe_N
| | _|P_output L
|FRiz iy {Flow fmm 51 ta &2 FP1Z =Pl mixi2
FPIN Y Fiow fram P1 to P_NHTDF FPIN = mixIN " P1
| i
FPlowl - I'y | |Fiow frem P1 18 F_Outpul “IFPiout = Qioul - P1 2 P S
FP1out! Y | iFlowfomP1toP Outpul | IFPY }out ® OxFel
FP21 ¥1 1| IFlowimm$2 1051 CIFP21= Q217 P2 "
FP23 ¥ || |Flowlom52 1083 {FF23 = mix23°F2 —
Foth Inkastuciure Enveanmenl, LLT
an 10f17/2007
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| I-A | [
HRAREHE !
| ol2| |=is!
i =S l
|E|l2lg'z n‘E;“Sl initial
Name SIS 81 o Bibe 5 |Description value |Eguations [
FPaz 1 Y] T iFiowlom 53 0 52 _jFPIz= Q32" F3 i -
FPa4 1 T¥i -_Mu__m 51 (o 54 [FP34 = mix34°P3
FP43 O 3 31 I IFlow Imm 54 1o 53 IFP43 = 043" P4
FP45 bbbyl b IFlowimom 84 1o S5 IFP45 = mix45"P4 Ry —
FP54 T 1Ty {1 IFlowiomS5toS4 FP54 = Q54° PS5
FPbuna! l Y ] '% :F]nw from Pbed to P_bunal FPounal = max{Q5pw-VolRateActive Tails,0)* Pbed
FPHN1 : T | 1F|uw from P_NHTOF o P1 FPN1 = mxiN * P_NHTDF }
P 1L
FPNoul ! [ | |Fiaw from P_NHTOF Io FPNout = QNout" P_NHTDF
e b 1P_Output
FPpws | 1Flow irom PbedioP5 IFPpws = BedDitfusion” (Fbed-P5 }'Taﬂ'Bann
Fpws o . _|Flow from Cbod 10 C5_ JF = BedDilfusion™ {Cbed-C5} ~ TailsBedAren
F312 1 Y | i |Flow from S1 tn 52 IF512 = S1°"mix12
F5IN R ]I ] JIFIr.w«I fram S1 ta S_NHTDF FS1N = mxiN® 51
| i
F5iout L 1Y |Flow [mm 51 to Soul
FS21 i Yl ' | |Flowiom 82 to 51
FS523 Y Flow [om 52 to 53
F532 VN | | |FlowimmSimws2
F534 - |__|Flow from 83 ta 54 ) e e
FS42 ity |__|Flow trom 54 10 53 L - = = A
F5a5 T ] t ow from 54 10 85 __IFS45 = mix45°54
F554 1Y | |Flow fram S5 10 54 |FS54 = 054" 55 i _piopen:-
FSbusal | "; Y | |Flow from Sbed 1o 5_bunal FSburial = max(Qpw-VolRaicAcive Tails,0)" Sbed
FSN1 Y 1 [Flow fram S_NHTOF 10 51 FSN1= mixIN* S_NHIOF
! |
FSNoul I'¥ i Flow from 5_NHTDF lo FSNout = QNout * 5_NHTDF
L _iSoul
FS || | _ ¥l |7 [FlowimmSbedtao S |FSpws = BedDiffusion” (Sbed-55) * TailsBodArea
H12 I N (] 'Y IFlow from T1 10 T2 H12 = T1"mix12"HealFaclar
HIN Y] | ¥ iFiowimmT1ta T_NHTOF HIN = mixiN" T1 * HoalFacior
H1_ICE ' ¥| 'Y |FlowlromICElloT1 H1_ICE = max(-dT1_w_ICE" Hna_lﬂl_qlqulv‘_v_ul]_\_n_r_ml: 0)_lor ==
HI_ICE T = 0 by defaull
Hi_MELT YY1 |Flowtmm 11 1aiCE] HI_MELT = max(dT1_w_ICE-HealFaciorVell_w_ICE0) for ICE1>0
H1_MELT O =0
Hiowt i 1Y 1 LY |FlowfromT1 1o Heat out H1out = HemlFactor"Q1out* T1 S
HI1 ¥ Y |Flowfmm T2 10 T1 H21= 21 T2 *HeatFacior
H23 I 1Yl { ¢ IFlowlromTa1a T3 H23 = mix23"T2"HealFactor -
H32 I 1Yl { | [IFlowfom 130 T2 H32 = 032° T3"HoatFactor
H34 i ¥l |  |FlowinmT3itoT4 H34 = mix34 T3 HeatFacior
H43 | Yl i |Flow frem T4 to T3 H43 = Q43 * T4 "HealFactor
H45 Y Flow from T4 1o TS H45 = mixdS*T4*HenlFactor
H54 LY Flow from T5 to T4 H54 = Q54° T5 “HoalFacter
Hbunal iy g Flow from Thbed to Hbunal = max{Q5pw-ValRaloActive Tails,0) * Thad * HealFactor * RH_bed
- | i fBunecHest .. .. . b . Lo o
HN1 Y L ¥ [Flow from T_NHTOF 1o T1 HN1 = mixiN * T_NHTODF * HualFacior
HN_ICE Y] |¥] [FlowlomICE Nt HN_ICE = max(-tTN_w_ICE-HenlFactarvall_w_IGE 0) for T_NHTDF<0
| | _{T_NHTDF et
HN_ICE i B ¥ =_0 by dalaull
HN_MELT l' iY ¥ | |Flow Irom T_NHTDF 1o HN_MELT = max(dTN_w_ICE*HeniFactar-ValN_w_ICE.0) for ICE_N~0
[ | | _ICE_N
HN_MELT O 1 = 0_by defaull
HNaul ¥ Y [Flow from T_NHTDF lo HNoul = HeatFacior * T_NHTOFCNoul
! | IHeal_sul -
HNaut 'Y Y [Flow lrom T_NHTDF to HNoul = HeatFaclor * T_NHTDF"GNoul
| Hoal_out
Ilﬂ | | _|FlowlromThedlo 78 |  |Hpw = BedHeaiTransler'{Tbed-T5)"
o 1Y I IFlaw "“"‘ Tbod o T5 Hpw3 = BedHealTransler(Tbad.T3)"Tausl == e SR T st
kd P 1y ¥ ¥ |Flow fram 1 1o OxFei kdiP1= 0 for DO <0
kd1P Y Yiv| = kd_busic*P1*DO1*Vol1*1.0244(11-20)_far DO1 <1 and DO1>=0
kdTF1 Y IYY = kd_basic"P1"Vol1"1.024*(11-20) by dafaull ¢ sl i
kd2P, 1Y Y | Y |Flow from P2 1o OxFe2 kd2P2 = 0 for DO2 <0
kdZP. 1Y YiY] = kd_basic"P2°D02"Vol2"1,024*(12.20) for DO2 <1 and DO? >=0
k2P Y[ (YIY |=_kd_baaic'P2-Voi2-1.024*(12-20) by default
kd3P3 ¥ ¥ | ¥ |Flow from P3 to OxFel 1kddP3 = 0 for D03 <= 0.1
kd3aP3 Iy Yy I= kd_basic bislc'F'! DDT\I"DG}"I 024*(T3-20) for DO3 <1 and DO3 > 0.1 =g
hdIP3 LY Yiy
keldP4 LY ¥ | Y |Flow from P4 to OxFed |kd4P4 = D for DO4 <= 0.1
k4P | YlY |=_kd_basic"P4’DO4"Vol"1 024*(T4-20) for DO4 <1 and DO4 > 0.1
Kd4P4 T iY_I¥IY 1= kd_basic'P4"Voi4*1.024+(T4-20)_by defaull
kdSPS %1 ¥1'Y [Flow from P5 1o OaFes {hdSPS = 0 for DO <=0.1
kd5P5 | I I YI = kd_basic-P5 D05 Vols*1.024~(15-20) for DOS <1 and DO520.1
Kd5PS YI_|YIY = kd_basic P5Vols' 1 024%(15-20) by defauil
kANPN ¥ l"r | ¥ |Flow fram P_RHTDF 1o kdNPN = 0 for DO_NHTDF<0
| __|DxFe N
kdNPHN i Y | ¥ ; Y = kd_basic*P_NHTOF*DO_NHTDF*Vol_NHTDF"1.024*(T_NHTDF-20) for DO_NHTDF<1 and DO_NHTDF>=0
1
kdNPH L I¥Yl 1YY = kd_basic'P_NHTOF*Val NHTDF®1.024MT_NHTDF-20) by defaull
Tailsin 1Y ¥ |Flow from Tailsinvenlory to Tailsin = TLR"load
B ; X I TailsLowerHTDF — i
TailsOul [B7 Flow from TadsLowarHTOF TaidsOut = 0* TLR
| | o TalsOutiat
i , ;
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[Name 6.3 & £1518 © |Deseriplion 1 b value |E ) . 9 e W)
| Active Pore\alT nils ] ¥ 1 : Y |Active Fore Volume of Tals |ActivePoreValTails = AcliveBad] hick T alsBedAma TalsPormsly
| | | |lcu. m) used for alganthm
| | : for bunial and exchange
AirTemp . —i | Tair Temperure (*C), irom (AirTemp = T_air B
\ t | llookup table TempSclRad | |
|
APl ¥ ¥ | Alknlinity pivel funciion APl = 1/{1+({AlkFivolimax{Alk1,1))*3}
' i | l{ranpes from 0-1} that may
i | |govem OxFe and Matal Inle {
| |
AlkPViZ 1Y | ¥ IAlkalinity pivet function | AIKPVEZ = {1+ (AIKPvaUmax(AlRZ 17)-3) -
AlkPvia TIYTTTTTT Y [Akalindty pivot funclion [ APV = 171+ (AlkPivaUmax(Alk3,1))*3)
AlKPvi4 [N ¥ | Alknlinity pivot funclion | AlKPyi4 = 1/(1+{AkFivolmax(Alk4,1))"3)
AlkPwIS [ 'Y |Alkalnity pivel function IAIKPVES = 1(14{AlkPivalimax{AlkS,1))*3)
Alk_pluma l 1Y 1 Y.y lNk.ﬂ:nitf in discharge (mg/L Ali_plume = Alk3 for ioad=0 (lhis is used only for convenient pioting - value not used by model)
| | icacoa) B
Alk_plurne (¥4 1 1 iYiYi = (060"0DW: + Q5P AlKS + RECYCLE(Q3R"Al3+Q4R Alk4]J{{QDvwi+load"ODmusc+Q5F)_by defaull
Arenl2 iy ! | Y japprox interface ama Areal = 240000
i | ‘ | |between compartments 1
B O O R P T = ) e
Area2d Y ¥ |approx. interinca ama Area2d = 218200
‘ | |between comparimeonts 2
32 il . tand 3 {sg. m) e
Aroadd Y : Y |npprox. Interface aren Argadd = 124000 + 21000°(VelTadsPoreWaler TailsPorosity/1740000)
|between compartments 3
== | jand & (sq. m) =
Aruads Y l | ¥ |approx. interface arma Arug45 = BB0DD + 26000*(VolT ailsPoreWalor/T ailsParasity1740000)
|| |bubweon compariments 4
] |and 5 {sq._m) | T e
AvailWalerDepth i ¥itE 5k | 1Y 1Available Maximum Waler AvailWaleiDeplh = WaterDepth+WalElev-466.7824 (WaterDepih from lookup table PilDepthArvaVulumeTable)
| 1 | | |Dugts (m) wilh Tails Loaded
1 ] |
BoundTemp ¥ | | | Y | Y |Negalive air tamperaiures |BowndTemp = T_airexpl-Thickness_ICE1/G0} for Thichness_ICE1>5
i { ! | jore dampened by empirical
| | lies thickness insulatiop
| | {lunction to malch e
|BusndTomp v Y ¥ 1= T_air_by dofaull_
C_mass Yi Y |Accounting of mass of the |C_mass =
| | itracked metal in HTODF and {C1Val1+G2"Voi2+CI Vold+ C4"Vuld +C5"Vel5+C_NHTDF Vol_NHTDF4Cbed"ActivePore\olTails) 1000000
1 | active tails bed
Cinfluant Y : | Y |Concentration {ugiL) of Cinfluant = (Q1aul"C1+CNout*C_NHTDF){Q fuut+QNoul)
| | | |rncked metal (such as
| l . |nickel) ininfluent lo wwip, or
______ X | |, |outiel of HTDF. o R " i
C_plume I (¥ | ¥ |Conceniration (ugiL) of C_plume = 0 for load=0
| tracked motal (such as
| | |nickel) in discharge pluma,
i | {nhar iniial contact wilh
| |__icompartmenl 5. ferey
C_plume ¥l 1 ¥ = [2203°00wi + Q5P"C3 + RECYCLEY(QIR"CI+Q4R C4P(Q0wi+load"Q0misc+ OSP) by dofault - ]
DayOfYear Yi | | |Dayaf Year (dan i =1, DayOryear = (1+85) mod 365.25
| i | |i=0d for Ap. 4, of yaar 1),
! | abs{errer) < 0.8d :
densily_discharge 1 | 1Y 'W;Ilur density of dislributed |density_discharge = (wda+wdb™(T_plume-4 }+wde*(T_plume-4)* 2+wdd"(T_plume-4)*3) + 0.00081°3_plume®(1-
! discharge (kp/eu m), 0.00243°T_pluma)
i | |tunction of temparature and
| | sall (TDS) concentralion
deneily! R i ! Y |Water density of Tdunsily] = (wdaewdb™(T 14} ~wdc™[T 1412 +wdd"(T1-4)°3) + 0 D00B1°51°(1-0.00243°T 1)
L] fcompuniment 1 (hgfcy m) g
density2 Y l 1 1 Water density of density2 = (woa+wdb* (T2-4)swdc(T2-4)* 2+wdd" (T2-4)"3) + 0,00081"52°(1-0.00243°72)
8 oW campanmenl 2 (kp/cu m)
donmity3 YT 1| Y [Waler density of donaltyd = (wontwab: (13-4} it [13-4)* 2+wad (T3-4)*3) + 0,00081°53%(1-0.00243"73)
[ icompanment 3 (kgleu m) i
densityd ¥ | ¥ [Waler densily of dongilys = (wonewdb"(T4-2)+wdc=(Ta-4]* 2+wrid  (14-4)23) + 0.00081°54°(1-0 00243°T4)
compartment 4 (ko/cu m) Leo =
densityS Yi | Y |Walter donsity of [densitys = (wda+wdb (T5-4)swdc*(T5-4)* 2+wdd"(T5-4)*3) + 0.00081°55(1-0.00243°T5)
L L1t | |comparmont5 frg/eum) | o, e.8 2 =
DO_bekgnd ¥y | | ¥ |Dissolved Oxygen al DO_bekgnd = exp((D0sal_pi+D0sal_p2fTKair+DOsat_p3/THair"2+00sat_pa/TKair 3+D0snt_pSTKairt4)-
| l | lsnlunmm (mgiL, Chapra S1/1000%(DOsal_pG+D0sal_p7/TKmir+D0Osal_pBTHair2}) -3
! 1 iEqn 19.32) minus 3 mgrL. o :
DOsal_N Y | |Dissclved Oxygen at |DOsa1_N = exp{({DOsal_pi+DO0sal_p2/TK_N+DOsal_p/TK_N*2+DOsat_pd/TK_N*3+D0sal_pSTK_N*4)-
| |Sawralion far Horthern ISh‘mﬂu'{Dﬂﬂl_pﬁ-hDDut_p?ﬂ K_N+DOsal_pBTK_N*2}}
| |HTDF (mgiL} - Chapra Egn
! | _lhgaz
DO_plume Y- 3 Y | ¥ |DO concentralion in DO_plume = @ lor load=0
| | |discharge plume (mgiL),
| afier mexing. Naote (hat
| |RECYCLE may bring in
i © ble DO. Normal
jdiseharge DO is expected at
0.8 mgll. R, e
DO _plume i ]Y1 i il i Yi = (0.5°00wt + Q6P"DOS + RECYCLE®(QIR"DO3+04R™004)/{Q0wi+load" +Q5P} by defaul
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5 1| 18l |
Elgisl 2 |
E e e |
EIE!E 3 2% 3| initial
Name — 5888355 i value |Eq i . —
DOsat! g [ |77 | Dissolved Oxygen at DOsatl = nxp(:DDsalj1iDmll_pzﬂK1+Dnul_p3m(1‘2~DDHII__EHKi‘a;Dﬂsal_pSJTKi‘d}- i
1 4 I | {Saluration fer Companment {S1/1000*(D0sm_ph+D0sal_pTMK1+DOsal_pB/TK1*2)}
| 1 4 |1 ImgiL) - Chapra Ean |
Pl fieas -
DryDensityl.ond 1Yl | | | [ ¥ |dry densily of lails in loading | BryDonsityLoad = DensityWaler({ /5pacificGravilyTalls+ 1/PercentSolidsload-1)
[ ke/e m)
DryDensilyTalsBed ¥i [T .2 J}‘ﬁry density of tais in |DryDensityTailsDisposal = DensityWater{1/SpecificGraviy Tails+ 1/PercentSolidsT ailsDisposal-1)
. . ...1__ |, idisposal (kpicu m) — S s = ey ey Mg 4
dTi_w_CE ¥ Yy Trte equation used to |4T1_w_ICE = ({Heal_Surfaceoxp(-Thicknass_ICE 1/85)-26 4°exp(-Thickness_ICE1/50)-0.557(T1-
i { (develop heal balance and BoundTemp)}*HTOF_Arna_Wain/1000+(T_air)*NaturalFlawMainHTOF"HealF actor -H12-HIN+HN1+H21-H1oul-
| | T1, for ice condilien, Nate T1*HealFactarVelRale Jii{Vell_w_ICE)" HeatFactor) for load =0
{ | |that Heat_Surface and back
| ¢ (radiabion {26.4) are reduced
,l | by aceomting o ice +
| l l ' i Hoal_Surface is |
{ found from lookup table I
| | |TempSclRad {
dT1_w_ICE ¥ Yiy i= {{Heal_Surface exp(-Thickness_ICE 1/85)-26.4"exp(-Thickneaa_ICE 1/60)-0. 55%(T1-
| [ 1 BuundTemp))"HTDF_Area_Main/1000+(T_air)"NawmlFlowMainHTOF *HoalF acter +QP 1/Qcist*Hoal_dist_dischnme-
| | HIZ-HIN+HN1+H24-H18u-T1 *HealFacior ValRate 1)/((Voll_w_ICE|"HoatFacior) by defaull
dT1_wo_ICE Y | ¥ Y |rate aguation used to dT1_wo_ICE = ({Hoal_Surace-4.75e-08*(T1+273)*4-0.55°(T1-
| ! | \develop heat balance and T_nir))*HTDF_Aran_Main/1000+(T_air)*NaturalFlawMainHTOF"HealF actor -H12-HIN+HN1+H21-Hioul-
| |T1, for ice-froe condition. T1*HeatFacior*VolRate1)/(Vol1*HeatFactor) lor lond = 0
l i (Heat_Suriace s found from
i+ |lovkup lable TempSolRad
6Ti_wo_ICE ¥ Kaki "= (Heal_Surace-4.750.00°(1 1+273)*4-0 55°(T 1+ ;
I | 150 T_air))"HTOF_Area_Main/1000+(T_air)*NaluralFlowMainHTDF "HoatF astor +0P1/Odist"Heat_tist_discharge-H12-
i 1 HiN+HIN1+H21-H1oulT1*HealFaclaeValRale1)/(Val - HealFactar) by dalaul
dTN_w_ICE Yl | TV [see note for 4T1_w_ica. [dTH_w_ICE = ({Heal_Surface*axp(-Thickness_ICE_N/B5)-26 4*expi{-Thickness_ICE_N/G0)-0.55°(T_NHTDF-
gl | 1 |HoundTemp))*HTDF_Aroa_Norlh/1000+(T_air)"NatutalFlowNHTDF HentFacior +H1N-HN1- HNout-
R0 . |T_NHTDF*HealFaciarVolRaleNji(VaIN_w_ICE*HontFacior)
dTH_wo_ICE Y | Y |see note for JT1_wo_ice. diN_wo_ICE= ({Hnl‘_Surfnl‘.ﬂ-‘.75n-D9'ﬁ_NHTDF*Z?!}N-U.EE‘U_HHTDF-
! | . T_air))*HTOF_Arsa_North/1000+(T_air)*NaluralFlowNHTOF*HealFactor+H1N-HN1-HNout-
i N — T_NHTDF"ValRateN"HeatF actorj/(Vol NHTDF"HealFaclor) — P
|ElevHale X 1Y dWatElevidl in units of m ElovRate = IN!tu:r!lFlMMIIlI|HTDF<-NIII||ra|F|MHTDF‘DM*DIJ-QR-TMIIE_OU[HWM2'\J'E_I‘WIIL=_IW+VE_!|]
____________ = .ipECd A — b
Heal_discharge_total 1 | ITE;IL:I,H:( discharge (GJ/d) Heat_discharge_total = (T_dryTails*Tailsin*HeatFactorTails+(T3"QIR+T4 04R+T_gw2™(Q0wt-
! ! L OR)+T_mirinad"0Dmisc) HealFaclor) s
Heal_disi_discharge L2 | Y | Distribuled heat dizcharge Heal_disi_dischargo = T_plume"[Q0w1+05P-05pw)"HeaiFacior
1 to compartimants in plurme
| 1 | iy !
kal Y| ¢ ¥ | |Eslimaied rearation colf ikal= 0 for ICEY=D
i | |tewnvd), compartment 1 !
| {see Chapra 1887, Ch 20).
rat Yi Y .t = 1560001, 024~(T 1-20) by defaull - -
un_N Y Y| |Estimated reoratian eonfl ka_N= 0 for ICE_N=0
| | | |feu. mid), narthern HTDF
i i ‘. {see Chapra 1857, Ch. 20),
ka_N if =) ¥ = 36000°1.0244(T_NHTDF-20) by defoull
Innd Y 1 Y |Flag io allow londing af this, Inad = LoodON"GlobalLoadSwilch
| LansON comes from lockup
! table TadsLoading
LookupBadarea a1 Used lor companson fo LonkupBrdArea = Aren
1 Titted curve only -
| senTailsBedArea 7
L | Mass balance check, o [MassAniance = ({1-AECYCLE) RecycleMass=C_mass+C_bunni+C_trealed){DischargeMass+663.5)
| | |nickel case
me2 ¥ I'¥ {iniercamparimont mizing ) mix12 = max(mxQ (min(1,sqn(max({density i-densiy2),0)/(density 1+density2))DensityFacior)* (mixQmax-
. |between campariments { mixCmin)+mixQmin}, mix12_wo_fce}
| _land 2 (cu mid)
mix12_wo_ice Y] i : | |adjusts for ico and ne ice mix12_wo_ica = 0 for Thickness_|CE1>1
| !__ipenods
mix12_wo_ice Y1 | Yi = ViindMix12 by default
i T 1Y | ImixiN = max{minMixQ 1.0 5*NaturalFlawNHTOF) o
mix23 Yi | | ¥ |Intercomparimant mixing mix23 = mixQ"{min( 1, sqrifmax{{density2-density3),0)/{dansity2+denaity3)DensiyFactor)*(mixQmas-
| | |perwzen compariments 2 mixQman)+maxQmin)+0,1 " mix12
mix4 0 Gl | mizd4 = mixQ*{min{1 ily3d y4 ), 0) ity 3 ityd )DensityFacior)* (mixQmax-
i | barveen compariments 3 mxQmin}+mixQmin)
" L] jandd e e
mix45 Y 1 !_Y Inlereompanmeni mixing mix45 = rmxQ*(rn{ 1, ugr( et ¥5). 04 y4-+densityd))/DensityFactor)*{mixQmax-
| | |botween compartmants 4 mixQmin)+ rwQmen}
|__iand5 fcu mve) it =
mix_pl2 "o Y | Y i ¥ |Propanianal remaining mix_pl2 = 0 far load =0
| | plume fiow bypassing
e . o <o iCOMBRMAMEnNt 2 | [— i A
mix_pl2 Iy YiY = min{1 density_di e )i ity2+density_discharga}¥DonsityFactor)"(mixQmax-
LI mixCmin}+mixQmin_by dofaull
mix_pid 23 il f!Y-Pmpurunnul remaining mix_pl3= @ for load =0
plums flow bypassing
| ! |companment 3
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b B ) Ll
gl [c| 183! | !
‘Eied 1oiE | i
|ElEIE 2123 8! initial |
Name ;8?§|E\Ei3.3 o |Description value |Equati .
mix_pid I T¥ | BEZEZ| |= min(1,sqn{max(0, (density3-dansiy_disch [densily3+density_ yFocior (mikOmax-
N i l imuxQmin}+mixQmin_by defadll
mix_pH 1Y | Y Y |Proporinal remaining mix_pléd= 0 lor load =0
| : 1| | | |plume flow bypassing
|8 b ) f 4
mix_pht I ¥ N | = mn(l ityd-density_t me))i( yd+density_discharge)) Factor) {mixCmax-
. | mixOmin)+mixQmin by default .
mix_pl5 i i Y | PYiy meﬂhnﬂ discharge miz_pls= 0 for load =0
1 i | | plume Now bypassing
— | _. leompantment 5 | IS = == B g °x
mue_pl% 40 A T Y} min(l {densityS-density_disc {densilyS+di y_ o yFactor) {mxQimaz-
o I ! | mixQmin}+mixCimin_ by defaull
|HalurmlFlowMainHTDF | | Y I'“ 1 1k | Y [Converts not pracip (mmid) NaturalFlowlainHTDF = NelPrecpWilhMolt 1000*ParcentBasinAreaT oMainHTDF* TotnlaasinAma
| . lio Now in main pil lako {cu
1} ! |mid), NetPrecipWithMelt
1o | |eames Iom lookup table
1
|Runufl o A
NaturalFlowhHTDF ¥i | 1 | ¥ IConvens nel precip (mm/d) [HawralFlowhHTOF = NelPrecipWilhMall1000°(1-PerceniBasinAreaToMamHT DF) TetnlBasinAraa
| | |to fiow in norhem HTOF (cu
| ] | invd), sec loogkup table
oo L |RunOH, P S - .
P_plume A ¥ ¥ |DO demand conconbralion P_plume = 0 for load=0
‘ ‘ | ‘ | |in discharge plume, nfher
J | |__|plume mixing paint (mg/L) |
P_plume 2 I K = (3700w + 05P-P5 + RECYCLE-(QAR"Pa+0AR P4)/(QDwi+lead-ODmizcy O5F) by defaul
Qlout Yi & | Y |Dutfiow from 1 la WWTP Q1oul = NawralFiawhainHTDF+QP1+ Q2 T-mx12-VelRate
RN \{eu md)
Q21 ¥ | Y |Flow Irom compartmenl 3 o 021 = QP2+0gw2+mix12+(032-mix23)-VolRale2
L L e Py
032 Yi o ¥ | Flaw from comparment 3 o 032 = OP3+mix23+{043-mux34)-03R-Valnled
! | | 12 (e mvd)
Q3R Y| i | | | Y |Flow fram Companmant 3 Q3R = QR*QR_partiond
| | | 1o Retun Flow fo Mill {su
| 1 _{mvd)
(7L ¥ | T W6 |an from eampanment 4 o 043 = OP4+mixd4+{054-mixd5)-04R-VoiRated
I 13 (ow mid) —
04R Y ] LY lFbw from campanment 4 le 04R = OR"(1-OR_partiond)
- | imill retum fow (eumvd) | . I
054 ¥ | 1 'Y |Flow from compariment 5 o 054 = OP5_walersmixd5-05P-ValRales
s i |4 feumid )
Q5P ¥l 4 i ¥ [Flow fram 5 to mix wilh Q5P = Q5pweDischargeMF*QD
1 1 (discharge to lorm plume (cu
Ll vd s =
Q5pw £ 1 |'¥ |Flaw (cu mid) from 5 1o bed Q5pw = TailsPoresity*VolRaleTails
I I Jt 1 L _|pore waler :
Qb o | ‘l ! | ¥ {Total Flaw Rato with Tails QD = load*(Tailsin®1000/DryDensilyLoad + QDmsc)
IR N it AR ahisanic i
Odist i Y |Flume flow, includes mix Qdial = (1+D AF)*0D-VolRate Solid
I || |water from 5 i DischargeMF
! It b0 mi) -
Q0w Y I | 1Y |Pore walor associnied wilh | QOwt = (Q0-lnad*QDmise-VolRaleSolids)
| i discharged tails, wilhout
| QDrmisc feu mvd)
QMout Yl 3 || Y |Outfiow frem N HTDF to CNoul = NaturalFlowhHTOF-VolRaloN
| L1 WWITP (cu mid) =
oP Y | | 1Y [Flow bypassing OP1 = OP32-0P2
| | | |esmparimant 2 in plume (cu
| e SN I R R S
ap2 Y | j |Y|Flew irom plume lo QP2 = OP32*(1-mix_pl2)
L L e 2peumey || " o
apP3 ¥ 11y iF‘Wilwn plume 1o aP3 = QP43 {1-mix_pll)
o Ll comparniment 3 (eu mid) T
aFaz ¥ | H Flow bypassing QP32 = QP43-0P3
‘ | comganment 3 in plume (cu
! | imid
] ¥y | | ¥ [Flow Irom plume lo QP4 = OFbH4™(1-mix_pk}
ot 5 | _lcompariment 4 {eu )
QP43 ¥l g | iFlow bypnssing QP41 = QP54-QP4
| compartmonl 4 in plume (cu
i Amd
QPs |v= Y T¥ |Fiow from discharge QF5 = Qdisl*{1-mix_plS}+VoiRateSolds
] | |propartioned lo
o {11 __lcompanmont 5 (eu mid) e g e
OPS5_water R | | 1Y |Plume flow o comparimenl QPs_waler = QP5-VolRaleSolits
i : | 5, water only {cu mj
0PS54 Yl | | |Flow bypassing QP54 = Qdist"miz_pl5
I 1 compariment & in plume (cu
| imid]
aR A |'Y |Reclaim Flow Rato from OR = RetumFlowPercent"Q0wt
| | HTDF back 1o Mill {eu mid)
RH_bed Y Y |Dimensionluss facior RH_bed = 1+DryDensity TailsDispesal/1 000/T ailsPorosity* HealFaciorTuils/HoalFastor
| |retating latal heat and hent
! fiaws in bad (o heat in bed
ipore waler ==

Foth Inkastructure Environment, LLC
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g | 1814
|Ei 15 |2 B
i o 8=
B E : 223 initial
Name 16 5 &5 5[5 G IDesery value |Equati e
S_plume | ¥ 11 ¥ Y |Sail conceniration in 5_plume = 0 for load=0
et _|___ldischarge (mpiL TOS) e,
S_plume bl LY = (1000°QDwl + Q5P°S5 « RECYCLE{Q3IR"53+04R"54))/(QDwi+load"QDmisc+Q5P) by dulault
TaoiisBodAron I | ¥ ¥ |Estimnied Tails Bod Area TailsBodAron = Aroad5 for GloballoadSwilch =0
| i (sg m) wilh Tails Loaded Pl o=
TailsBedarea | I¥s | = mnx[l:l,1:IIDBD-.AV‘iI'A\.'!‘g_xg(-A\fZ'Tallanl’umn&wAvﬂ'u.xp{-kV-!'lel.annnn)}_bx_linTuull
TaisPorosity | ; |__|Y|PamsiyofBedTalls .. |TailsPorosity = (1/ParcentSalids TailsDisposal-1)"DryDensityTailsDisposalDensityWaler e ]
TailsVelumo I Volume of tails stored in TailsVeolume = TallsLowerHTDF*1000/0ryDensity TadsDisposal
| HTDF (eu mj, with use of
| [ 'maine tons to kg conversion
i i | - o e i - —SCH R
T_discharge | Y| | (R& Temparalure in discharge iT_duchirgu = T3 for load= 0 i
| lline (C)
T _di;:‘rmrg_a i Y 1Y {= Hual_discharge_total/{Tailsin"HealFactorT ails+(QCwi+load*QDmisc)"HealFacior) by defaull 5
Thick ICE_N | Y |1 1Y [Thicknoss of ICE (cmj iThickness ICE_N = ICE_N/Densily ICE/MHTOF_Area_Norh*100
Thicknoss_ICE1 1 Yi | | ¥ [Thickness af ICE {em) | Thick ICE1 = ICEV/Density_ICE/HTOF_Aren_Mnin*100
TK_N 1N [ | [ Temporature of ITK_N =T_NHTDF+271.15
| | ___companment N, in Kelvin
TK1 Y| | | {Tomperature af TK1 =T1+273.158
Lol .. lcomparment 1, in Kelvin _
THnir Yi ' |Tempermture of air, in Kolvin TKair = max{Bound Temp,0}+273.15
| I |- lrnited to nonireezing
! | llemps
Total_Outflow Y] 1 Y | ¥ [Future update may allow for Total_Outfiow = O_wwip_postiond for 1> 2606
i wlhor pulllows, ar
i | |adjustment to oulflow for
! ! high or low waler elevalion
i | __tcondilions.
Total_Cutflow ¥l ! Yi | = O wsip© 0.1 for WalElav < 466,954
Total_Outfiow 520 e B '="0_vwap'GloballoadSwich+ O_wwip_posiioad"(1-GiuballoagSwiich) by defal
T_plume ¥ Y | Y ITempemture of discharge T_plume = T5 for foad =0
|| |plume, wilh mixing OSm
.| ltrom comparmant § (C) e i =
T_plume ¥ i 34 I | I= {Heal_dischorge_lotal+Q5P*T5*HealF actor)/{HealF aclor*{QDwi+load* QDmisc+ Q5P+ Toilsin"HeatFaclerTais) by
\ | defaull
| .
\Val_Full HTDOF o 'Y |Rolates water elevation {m) Vol_Full HTDF = VE_a"WalEiev*2 + VE_b"WalEley + VE_¢)
| |to unfilled volume (eu. m),
| for 1520 - 1542 .
|| lelevations
Vol_NHTDF Y " ¥ |Volume of Northem Pit Lake Vol_NHTDF = VE_N_a WalZlnva2 + VE_N_b WaiEiey + VE_N_cl -IGE_N
i {cu, m}, vanes wilh waler
Vall ¥ 1Y |Volume {cu. m) of lop layer, Valt = (Val_Full_HTDF-Veol_NHTOF-Vol_Lowar_HTOF_mit)*VolPoruon
L {main HTDF {0-6 i), vanes
| . wilh water elevalion.
Viall_w_ICE Y] ' 1Y [Volume of compariment 1, Vol1_w_ICE = Val1-ICE1/Density_ICE .
| adjusied for lce volume - lor
| hoal balance only T =
Val2 Yk} Y [Volume {eu m) far Walar Vol2 = (Vol_Full_HTDF-Vel NHTDF-Val_Lawer_HTOF_mnil)*(1-VolPortion1)
] | | |Depth Range 6-24 f1. {1.83 -
i | lrazm
Vall ¥ | I Y |vanabie volume aesupied by Vold = (VelumeRamaining-\Val1-Val2.\Val_NHTDF)*VolPortisnd
| 1 | 3nd compariment {cu m)
Vold Y | | Imﬂlﬂin Valume for Vold = (ValumeRomaming-Vol1-\Ve2-\ial_NHTDF}"VolPeniond
B 5 241 comparimendd feum) )\ b A ——
Vals Y | |vanabie Volume for th Vo5 = (VolumeRemaining-Val1-VelZ-Val_NHTDF)*{1-VeolPorlion3-VelPortian4)
s | ! ¥ {cu m) @ HEmL
VelN_w_ICE 5 Y |Volume of Nerthern HTDF, VoIN_w_ICE = Vol_NHTDF-ICE1/Density_ICE
| | |adjusied forice volume « for
e L Ineatbeianco amy = et
VolRale1 Y i LY |dVeltidtin units of cu. m VolRalel = VolPortion 17{2"VE_main_a"WalElev « VE_main_b)*ElevRale
| '\ |por day, dun In changes in
o MY I ‘Waler Elevation = T T im——— sl . 5
ValRate2 AT LY |avel2/d in units of cu. m VolRaleZ = VelRala 1 * {1-ValPortiun1jiValPerliont)
| i |perday, from changes in
| | Iwater slovation o s
VolRated Y | Y jdvoldidlin units of cu. m VolRaled = -VelPerion3*VelRaleTails
| ' |perday, change due to talls
loading il =
Vaiinles Y al4/dl in units of cu. m VniRaled = VolPoriond*ValRateT ails
| |perday, change due to tails
. llcading
ValRaies Y ¥ |dVolS/di in units af eu_m VolRale5 = -{1-VolPariion3-VolPoriond)"ValRale T ails
| fper day, change due o tails
[lgading
VolRaleActiveTalls Yi | Y |Active Volume of Tails pore ValRmeActiveTails = ActiveBedThick* TailsPorosity*VolRaleTails "{AV 1" exp(-AV2 T ailsVolume )} AVI“expl
‘ o waler {cu. m) used for AV4*TailsVaolume))
| lalgarithm for bural and
st | ¢ leenange :
ValRalaN & il | dVelNidl i units of cu, m VolRateN = (2*VE_N_a"WatElev + VE_N_b)"ElevRale
| | . |perday, due 1o changes in
| | IWater Elevation

Feth Infrasvucture Envionment, LLC
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ENAEEE |
el |8 |
| E ! IS18L ) |
'3 =]
|§'-;':!. £3 | initial |
Name ) 1 Siai 5.8 !B IDescription value  |E
uauimsmidi"""""'i" ¥ 3 Waler Demand for Tallings | VolRaleSolids = lond TailsiN- 1000/SpecilcGravityT ais/DensityWaler
' ] | |Frocassing (cu miday),
| i i !Tnlsln from lookup takle
__—_____!_ P B o {TmilsLoading S
VolRaleTails 1 i Y ] i g8 Wn]um roie of 1ails loading ValRaleTalls = Tailsln* 1000/DryDensityTailsDispasal
: }{ew mc il
ValTnilsParaWaler v ] ¥ {Pore waler volume (cu. m} | VaolTailsF = Tail TailsPorosity
| I | \oesupied by deposited fails |
volumaCheck ] | - VolumeCheck = Unll+Vol+Vol3+Vold+Vol5+Vol NHTDF+TallsVelume =
VolumoRemaining i Total Volume Remaining in Vali ming = Val_Full_HTOF- TallsVolume
| HTDF (cu mj)
| Active [nils beg Inickness,
far bunal and diffusion
ActiveBedThick alganihm {(m) 05 B
|Alkalinity of uneff water
Alk_background | | ! (mp/Las CaCO3) 100 E S
1 i {Alkalnity demand from
l | ! | loxiciation renction. Assumaes
| | Il | |8 equivalents of alkahnity
| M| |mnlurnn~u poer mole of 02
AlkDemandParam |1 i duced 12.5
1Yy il Pival Value Tor alkalinity
| [ 1 | [{mgiL as CaCO3) uaed for
‘ { | jmetal scavenging and CaFe
AlkPivel = | |sotiiling/dissolution 200
(R Coell, for sinpa ol |
14 [ | | |TailsBedArea vs. |
a1 |1 raisVoume curve | 0.073667 G
s BT i \Coell, iar siope af == B T
I3 | | |TailsBedAroa vs.
vz " A [ | TailsVolume curve B 13E.07
o Y | iCoell for siope of .
| i+ |TailsBedArea vs.
] || i7alsvolume curve " 2.19558
Y i Coel. for slope of
| | | |TailsBedArea vs.
AV ! .| TnisVolume eurve | 5.1BE-D8
Y | |Diflusion mass transier | )
BedDittusion L | ! _;m" frombed (md) | 400E.05 = : o
Y {Bod Heal Transfor Coalf i
BedHealTransfer | : I{G.Ii'lu m-d-C} D.05
Yi | mﬁ;ﬁﬁu concentration =
C_bachground | |__lor nntum| fiows (ugil) 5! This parameter is for case ol nickel run, Other modeled enses may vary,
Y| Density of lce {lonnosicu }
Donsity_ICE L) ) 09162
Y { || |Factor for mixing formuia | - .
DensityFactor | || lbased on densitiss I!.DZI
Y| 1
DonssyWater _ ! | losnshy of water prgreum) | 100! N
Y|
i | 1 Dmthnrga Mix Flow
| . scales fiow from
u;uwnrlme nl 3 1o mix wilh
DischargeMF | | | | | | | ldscharge o form plume. oos| AT —
| Y | |Dissaived Oxygen (mg/L) in
| bod porewaler [usually
DCbed P4 zem). 0
'Y DO saluration parameter
| (APHA 1092, Chapra 1957 -
DOsal_p1 Eqn 10.32) 138,344
Y i DO saluralian param,
DOsat p2 | | _|Chapra (1997) Eqn. 19.32. | 157570 — — e
Y | |00 sawralion param,
DOsat_pd | _|Chapra (1087) Eqn. 19.32. 1664407 B
IY | |DO saluralion param,
DOsal_p4 } | |chopm (1987) Egn. 19.32. | 1.24E+10 e
¥ " |DO saluration param, =
DOsal_ps | Chapra (1997) Ean 1932 |-B62E+11
¥ | . |bo saluration param, |
DOzal_pE | T | | | __IChaprs (1897} Eqn. 1934 | 0.017674
i ¥i { |DO saturation param, 1
DOsat o7 | | | Ichapra (1987) Eqn, 19.34 -10.754
Yi | |DD saturalion param,
DOsat_pB ol | _|chapm (1097) Eqn, 19.34 21407 B < .
Y. | |Swalch (D=cfl, 1=on} to
i | |determine if modal run has
Globall.oadSwitch | | |HTOF tails loading 1 "
Y| | |Approx heol capacily imes
| |density of water
HeatFactor ] | l{Gicu.miC) 0,00418
¥ | | I lheal capacity ol tails |
HeatFactorTails 1 i {GInonneiC) | 000084 !

Fotn Inkasbuciure Environment, LLC
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Compartment

Flow

Lo nlu.lp. Table
Condilianal

lobal

% ID ;b

initial
value

~<Parameter

HTOF_Area_Main

\Amua of Main HTDF surface
|tsa. m}, used far hoal
hatanca

-

HTOF_Area Norih

Aroo of Norihern HTDF
isurface {3q m), used for
haat balance

a8y

22569

<

K_complex}

_|compartment 1 (see F12) |

Comgloxabion conslant for
oxidized iren and G in

Complexation coelf for C2
and (sen F23)

0.01iThis paramutar is for case of nickel and simidarty scavenged metals. Olher eases may vary

oo1

K_complox2

K_comalexd

<l <«

<

i s

|Comglexation coull for C3
iand FeOX3 (soe F34)

0.01

[

iCamalexation coeff for C4

land FoDX (soe F45)

0.01

-

K_complex5

Complexalion eanff for C5

and FeOX5 (see Fibed)

0.01

-

kel _basc

DO consumplion rala
constant (1/d) at 20C,
relates o demand variabile
P

0.1

LatentHenllen

-

minMix0 1N

-

~ IMinimum flow rate {cu. méd)

. lbetweon C1 and N

Latent Heat af Malling, les
| (Gdftanne}

0.334

used o simulate mixing

50,

Basis for mixing behween

icompanments, subject to
mixQrvn and mixQmax

IMaximum portion of MixQ
used for iniercompariemont
Imixin !

| [
|Minimum porien af MixQ
lused for inlercompartement

Ibackgraund input’

045

10D demand concenlration
:lﬂ " "

PorcentBasinAreaToMainHTOF '

PorconiSolidsLoad

Percent of tofol basin area
that is expacied o drain lo

0.806

{Parcent Sobds in Tails
ILonding to HTOF

-«

ParcentSolidsTailsDisposal

{Percent Solids of Tails in
HTDF

07z

C_wwin

Flow rale for wastewater
treatment and dischargn,

= =

420 gpm=2204
Flow Rala (m3/d) for wawip

rafier tails load complete

1340

-

|Graundwaler inpul Now 1o
campariment 2 (cu. mid).
234 cu.mvd = 43 gpm,

234

Porhan of ratum flow QR
drawn rem Compariment 3
{remminder from 4)

[RECYCLE

Flag {D or 1) lor

consi of

T 3 and 4 mass
irecycled back 1o discharge.
Heat balance nol affectad

by this parameter.

RelumFlowPement

5 " 4

Retumn flow pereantage (ol
discharge waler assoclated
willl tails, Qdwd) from HTOF
|{compartments 3 andfor 4)
to Ml

0.827

cancunlration (TDS, ma/L}

|Spocific Gravily of Tails
Selids

SpecificGravityTails

T_dryTails

usad for heal boiance

Tomporalure nlar');-il‘i;'(dl.‘ i

200

2

2031

ITumpumlnm ol
groungwater lor Opw2 (C)

TomlBasinArea

Tolnl BEnsin Ama, including
Main and Narthern HTDF
fcu. m

B5TGZ0

TotalPitVolume

Folh Inkastucture Environment, LLC
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Lockup Table

initial
l value

‘Compariment
|Variable

Name

= Parameler

|eantiicient far Full HTOF
volume ond elevalion
eguation

280556

ln_nnlndunl for Full HTDF
|volume and elevabion

lequation

Part 1 of 2-part coellicient C
]nt Full HTOF volume and
elovation ogn

cacfficient for Main HTDF
volume and elevaton
equation

caefficient for Main HTDF
|volurne and elevation

519408

|2.452408]

208585

-1.72E-08!

VE_mamn_c1 !

nal;al'ﬁdnnl for Masn HTDF
fvolume and slevation
equation

3.52E+00;

[
I
|
|
|
|
VE_N_a |
T

VE N b

VE_N_el

_lequatian

. Inguation

iconlficient for N HTDF
|valume and elevation
equalion

B09.614

|coefficient for N HTDF
walume and elavalion

-7135809

jar N HTOF
volume and elevalicn

1.67E+D8

Vol _Lower_HTDF_init

Indlial Valume (cu, mj ol
lower compartments C3-C4,
alov e 15141 (461.47Tm) 6

Voillortond

VolPoriiond

VolPortiond

Partion Val 1 in veluma of
companments 1 ond 2

“Panion of Lawer Volume {3-|

5) Ocoupied by 3rd
Companmaont

5) Ocsupred by 41h
Ca ment

{Fenion of Lower Volume {:I—_

6 0OE+08

0.26

0.25

vaFe

Setibing rale for oxdized

0.08

irun parlicles {m/d)
Water densily functon coell

a (density al 4C)

|water densry coell b

-0.00381

waler density coell o

-0.00725

" wiater denty coell d

3,83E-05]

Wind-incuced mixing of 1
and 2 (cu mid), only during
ice-frow plrlndi

PitDapthAreaVolumeTable

-HPII Ceplh- hrn:lv\n"uhnﬂ'

|Rulationship (poge 2 table
wig N HTDOF)

I TailsLoading

Dry tonnes of 1alls loaded Io
HTOF (April start in year 1)

2000

Tails Valume Cantral, Area Contrelled by TalsVelimae, Elevation Controlled by TailsViolume, WaterDapth Contralind by

TailsVolume. Al table lookups based on knear ntemolation.

t Control. LundON cantroflled by | (central valup interpaiation). TLR controfled by ¢ {central value intorpolation)

Runalt . _\:i

TempSoiRag

Precptation rninul
" Tomperaure :nd_EElnr
Radiation informalion for
heal balance.

DayOfYear Control, NetPracipWilliMet Controlied by DayOfYear (linear interpalatinn)

DayalYear Conlal, Heal_Surfaco Conlrolied by DayOfYear (central value interpolation), T_ _aur cantrolied by Dlrrﬂn'“r
{linear interpolation), e_sal eaniroliad by DayOfYear {contral value interpelation], e_air Controlied by Day of Year

Fath Infrastructure Envaanmenl, LLC
MADEWOD imadiHTOF _Model_Definiion_Sepld7.ale

(central value inlarpalalion)
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Lookup Table TempSolRad

DayOfYear

0
10
20
32
41
51
60
69
79
91
100
110
121
130
140
152
161
171
182
191
201
213
222
232
244
253
263
274
283
283
305
314
324
335
344
354
367

Heat_Surface

17.80722788
17.80722789
17.80722789
21.36519758
21.36519758
21.36519758
26.32776364
26.32776364
26.32776364
30.37795043
30.37795043
30.37795043
34.97168925
34.97168925
34.97168925
37.08778479
37.08778479
37.08778479

38.9292163

38.9292163

38.9292163
35.52497584
35.52497584
35.52497584
28.74107843
28.74107843
29.74107843
25.18270212
25.18270212
25,18270212
19.97115355
19.97115355
19.97115355
18.21474959
18.21474959
18.21474959

T_air
-10.7222
-11.5
-10.9583
-9.875
-9.33333
-8.02778
-5.41667
411111
-2.29167
1.34722
3.16667
5.04167
8.79167
10.6667
11.8194
14.125
15.2778
15.9444
17.2778
17.9444
17.6944
17.1944
16.9444
15.7917
13.4861
12.3333
10.8472
7.875
6.38889
4.43056
0.513888
-1.44444
-3.18056
-6.65278
-8.38889
-9.16667

18.21474959 -8.944435

Foth Infrastructure Environment, LLC
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e_sat
1.90717826
1.90717826
1.90717826
2.2662442
2.2662442
2.2662442
3.38961697
3.38961697
3.38961697

576965449

5.76865449
5.76965449
9.66085265
9.66085265
9.66085265
13.0632648
13.0632648
13.0632648
15.4764387
15.4764387
15.4764387
14.5293026
14.5293026
14.5293026
10.7878925
10.7878925
10.7878925
7.22798886
7.22798886
7.22798896

4.1347221

4.1347221

4.1347221
2.44072206
2.44072206
2.44072206
2.44072206

e_air
1.430384
1.430384
1.430384
1.835658
1.835658
1.835658
2.440524
2.440524
2.440524
3.461793
3.461793
3.461793
6.472771
6.472771
6.472771
8.752387
8.752387
8.752387
11.60733
11.60733
11.60733
10.85698
10.89698
10.89698
7.767283
7.767283
7.767283
5.710111
5.710111
5.710111
3.142389
3.142389
3.142389
2.123428
2.123428
2.123428
2.123428

Lookup Table Runoff

DayOfYear NetPrecipwithMelt

0
10
20
32
41
51
60
69
79
91

100
110
121
130
140
152
161
171
182
191
201
213
222
232
244
253
263
274
283
283
305
314
324
335
344
354
367

oo oo

o

1.073700934
1.073700934
1.073700934
3.752249476
3.752249478
3.752249476
2.763764889
2.763764889
2.763764889
1.083936533
1.083936533
1.083936533
0.812013419
0.812013419
0.812013419
0.883985548
0.883985548
0.883985548
1.783012267
1.783012267
1.783012267
2.090010323
2.090010323
2.090010323
1.180090773
1.180080773
1.180080773

0

0
0
0
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Lookup Table PitDepthAreaVolumeTable Laokup Table TailsLoading

TailsVolume Area Elevation WaterDepth t LoadON TLR
0 0 410.26 58.52 0 0 0
14049.6866 23047 .4 411.48 57.3 1 1 700
123429.453 48724 1 41453 54.25 220 1 700
292601.94 62281.5 417.58 51.21 221 0 0
504399.352 76693.2 420.62 48.16 271 0 0
750580.353 84842.9 423.87 45.11 272 1 1159
1018645.6 91053 426.72 42.08 591 1 1159
1306477.15 g7812.9 428.77 39.01 592 0 0
1617660.6 106375.7 432.82 3597 637 0 0
1955891.88 115560.8 435.86 32.92 638 1 1159
2321258.49 124181.1 438.91 29.87 957 1 1159
2721848.99 138673.6 441.96 26.82 958 0 0
3161544.35 149840.4 445.01 2377 1003 0 0
3632224.99 159005.1 448.06 20.73 1004 1 1159
4132386.16 169184.6 451.1 17.68 1323 1 1159
4664762.7 180143.8 454.15 14.63 1324 0 0
5226645.67 188545.8 457.2 11.58 1369 0 0
5834316.98 210188.7 460.25 8.53 1370 1 1159
6499726.64 226431.8 463.3 5.49 1689 1 1159
7206803.54 237528.4 466.34 2.44 1680 0 0
7797434.03 246831.2 468.78 0 1735 0 0
8103799 255735.5 470 -1.22 1736 1 1159
2055 1 1159
2056 0 0
2101 0 0
2102 1 1159
2421 1 1158
2422 0 0
2472 0 0
2473 1 900
2608.3 1 900
2608 0 0
3609 0 0
1E+08 0 0
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Accounting of Dry Tailings, HTDF Volumes and Areas
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Oxygen Demand (P) and Oxidized Iron {OxFe)

Model developed using ModelMaker, v. 4.0
(Cherwell Scientific, Oxford, UK).
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